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ABSTRACT 
The Early Proterozoic Tennant Creek Inlier, located in northern Australia, has 
produced over -125 tonnes of gold and -230,000 tonnes of copper from several 
separate deposits hosted by hydrothermal "ironstones" within the Warramunga 
Formation. Understanding the origin of these deposits is, in part, dependent on the 
determination of reliable age constraints on both the mineralisation and its regional 
environment. Previous studies indicate the gold-copper mineralisation overprints the 
ironstone host rocks, but had not constrained the time difference between their 
formation. 
Isotopic studies of potassic alteration (muscovite) associated with both the gold 
mineralisation and the ironstone alteration show they are indistinguishable in age, at 
about 1825 ± 4 Ma. This is contemporaneous with the waning stages of felsic 
magmatism associated with the Barramundi Orogeny and implies that the magmatism 
was the source of thermal energy driving the mineralising fluid flow, and supports the 
interpretation of stable isotope data that there was a magmatic component in that fluid. 
SHRIMP U-Pb zircon (and baddeleyite) age determinations on crustal 
components of the Early Proterozoic Tennant Creek Inlier have identified a relatively 
short (ca 30 my) history for the major magmatic events in the area, including those 
related to the Barramundi Orogeny, and independently confirms the revisions of the 
Tennant Creek stratigraphy proposed by the Northern Territory Geological Survey. 
The oldest known rocks from the area are the volcaniclastic turbidites of the 
Warramunga Formation, which were deposited in a rapidly subsiding basin at 1862 ± 9 
to 1859 ± 13 Ma. Subordinate zircon populations in the greywackes indicate earlier 
magmatic activity at 1930 ± 12 and 1908 ± 15 Ma. The regional shortening and 
contemporaneous intrusion of voluminous and chemically homogeneous granites (and 
associated felsic porphyry dykes), known across northern Australia as the Barramundi 
Orogeny, occurred here between 1858 ± 12 and 1845 ± 4 Ma. Following uplift, the 
felsic volcanics and volcaniclastics of the Flynn Subgroup were extruded between 1845 
± 4 and 1827 ± 9 Ma. During this interval, felsic porphyry dykes and minor granite 
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bodies probably related to the Flynn Subgroup volcanism intruded the Warramunga 
Formation and the lower parts of the Flynn Subgroup. Magma source regions contain 
components as old as 3.0 Ga, as revealed by zircon inheritance in most of the analysed 
rocks. The youngest recognised igneous activity in the area are the intrusions of the 
"Warrego granite" at 1700- 1650 Ma and the Gosse River East granite at 1712 ± 5 Ma. 
Following the Barramundi Orogeny, deposition of sediments (and volcanics) 
occurred primarily in the northern and southern parts of the Tennant Creek Inlier. The 
upper parts of Churchills Head Group, to the north, have a maximum depositional age 
of 1749 ± 17 Ma, at least 50 Ma younger than the Hatches Creek Group, to the south. 
The am phibolite-grade metamorphic rocks are not basement to the Tennant 
Creek area, with U-Pb zircon analyses indicating protoliths ranging in age from 1842 ± 
8 to 1827 ± 9 Ma. K-Ar and 40 Ar - 39 Ar of biotite and muscovite ages indicate that 
metamorphism occurred at about 1700 Ma. 
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1. Introduction 
The Tennant Creek Inlier is an Early Proterozoic terrane in northern Australia, 
the oldest part of which contains significant gold mineralisation. Age constraints are of 
fundamental importance in understanding both the genesis of ore deposits and the 
evolution of orogenic belts. For the purpose of studying these problems in Australia, 
the Tennant Creek Inlier has the advantage of low metamorphic grade, which eliminates 
the problems of interpreting a complex geological history, such as that of much of the 
similar-age northern Arunta Block. 
The primary objective of this study is to better understand the processes by 
which the gold-copper-bismuth deposits of the Tennant creek Mineral Field were 
formed, by constraining their age and that of their depositional environment. 
The gold-copper-bismuth producing Tennant Creek Mineral Field is situated 
500 km north of Alice Springs (about latitude 19°30' S, longitude 134°00' E). The 
Tennant Creek Inlier is one of several Early Proterozoic terranes in northern Australia 
which contain significant gold mineralisation. These include the Halls Creek Inlier, the 
Tanami-Granites Block and the Pine Creek Inlier. The township of Tennant Creek in 
central N-0rthern Territory lies within the Mineral Field, the majority of which is located 
on the Tennant Creek 1:250,000 map sheet (Sheet SE/53-14). The occurrence of gold 
was first noted in the area in 1895, but early prospecting of the quartz ridges was 
unsuccessful. Over 130 individual mines have recorded gold production, following the 
discovery of gold in quartz-hematite bodies in 1933. Total gold production exceeds 
125 tonnes, the maj-0rity of which were recovered from 5 deposits (one of which, White 
Devil, is still in production), and active exploration is still being rewarded by the 
discovery of new resources. 
Most of the known gold-copper-bismuth mineralisation is found within the 
Warramunga Beds, and is associated with hydrothermal concentrations of magnetite 
and/or hematite, which are known locally as "ironstones". As a result of this 
association, the application of magnetic exploration techniques led to the discovery of 
many buried deposits. The proportions of contained metals varies from deposit to 
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deposit, some of which were primarily mined for copper (eg Gecko, 3.8% Cu, 0.8 ppm 
Au). Minor amounts of economically insignificant lead, zinc, uranium, cobalt and 
selenium occur in some deposits. 
Although the gold-copper-bismuth mineralisation forms a late-stage overprint 
on the ironstones, their almost ubiquitous association suggests a genetic link. The 
source of the mineralising fluids may have been connate brines mobilised and focussed 
during deformation, perhaps with a late-stage contribution of sulphur-rich magmatic 
fluid from the numerous granites in the area (Wedekind, et al, 1989). The development 
of a comprehensive genetic model is dependent on understanding how the hydrothermal 
products are related to the individual rocks, or deformational events, which have 
contributed to the crustal evolution of the Tennant Creek Inlier. 
In order to address this problem, an investigation of the geochronology of the 
various rock types of the Tennant Creek Inlier and the mineral deposits was carried out. 
The first aim of the study has been to reliably establish the ages of the various exposed 
crustal components in the area, which were previously poorly constrained. This has 
been achieved mainly by an extensive program of U-Pb zircon dating using the 
SHRIMP I ion microprobe, which has constrained most of the crustal evolution to a 
short (ca 30 Ma) time period corresponding to the northern Australian Barramundi 
Orogeny, with minor younger magmatic events. Having established the 
chronostratigraphic framework, attention was turned to understanding the thermal 
history of the region, utilising K-Ar and 40Af/39 Ar analyses of micas separated from 
widely spread regional samples. This was an essential preliminary step required to 
interpret the K~Ar and 40 Arf39 Ar analyses of hydrothermal muscovite separated from 
the two stages of the ore deposit development. The regional sampling program 
revealed only minor, and local, thermal disturbances to the K-Ar isotope system, some 
of which was also observed in the mineralised samples. However, samples from 
mineral deposits in the vicinity of the Nobles Nob mine all record an age of ca 1825 
Ma, which is interpreted as the age of cooling after deposition of the gold-copper-
bismuth mineralisation. The apparent age of the mineralisation is indistinguishable 
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from that of felsic magmatism which occurred immediately after the termination of the 
Barramundi Orogeny. 
Fieldwork was carried out over 6 weeks during the winters of 1990 and 1992. 
The sampling strategy for the zircon and K-Ar dating programs was aimed at collecting 
representative and widespread samples of all lithologies present in the area, whereas the 
samples for 40 Arf39 Ar analysis were selected on the basis of apparently undisturbed K-
Ar ages. 26 U-Pb zircon, 1 U-Pb baddeleyite, 25 K-Ar and 14 40Ar - 39 Ar analyses 
were made during this study, along with 50 whole-rock geochemical analyses (by XRF) 
and 20 trace element analyses (by spark source mass-spectrometry). The petrographic 
and geochemical work presented here is not intended to be a comprehensive 
petrographic studty of the Tennant Creek Inlier, as it was undertaken primarily to 
characterise those samples for which isotopic analyses were made. 
Thesis Layout 
The regional geology, structure, previous geochronological investigations, ore 
deposit geology (and genesis) are reviewed in Chapter 2. Chapter 3 documents the U-
Pb zircon geochronolgy of the Tennant Creek Block, and discusses the local crustal 
evolution. In Chapter 4, the K-Ar and 40Arf39 Ar geochronolgy is presented, along 
with a discussion of the results. The whole rock geochemistry is reviewed in Chapter 5 
and conclusions presented in Chapter 6. Sample preparation procedures and isotopic 
data are appended. 
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2. Geological and Geochronological Background 
2.1. Early Proterozoic Terranes in Australia - an overview 
The Tennant Creek Inlier is one of several Early Proterozoic terrancs in northern 
Australia (Figure 2.1). Previous geochronological investigations of these areas have 
been reviewed in detail by Page (1988). In brief, there was almost simultaneous 
deposition and cratonization of the widely dispersed Halls Creek, Pinc Creek, Tennant 
Tennant 
Creek 
Block 
Phanerozoic 
D 
Aiunta Block 
Proterozoic Archean \ 
[J Sedimentary Basin E3 Sedimentary Basin V 
[.S:J Block/Inlier [3 Block/Inlier 
Figure 1. Distribution of Proterozoic and 
Archean domains in Australia (from Wyborn 
et al, 1987), showing the location of Tennant 
Creek Block (dark shading). 
Creek and Mt Isa Inliers, which also exhibit geochemical and tectonic similarities. 
The major crustal-reworking episode across northern Australia, the Ba1nmundi 
Orogeny, occurred between 1880 and 1850 Ma ago. This event is recognised to have 
affected an area of perhaps 1600 km by 800 km, from the Halls Creek Inlier in the west 
to the Mt Isa Inlier in the east, and north to south from the Pine Creek Inlier to perhaps 
the northern Arunta Block. It was preceded by the development of basins within, or 
Com ston, 1994 7 
adjacent to, presumed Archean crust with a distinctive, dominantly sedimentary, 
sequence referred to as Cycle 1 by Etheridge et al (1987), and comprising an older rift 
sequence of bimodal volcanics and fluvial elastic sediments, a middle (finer-grained) 
elastic and felsic volcaniclastic sequence, and a younger turbidite sequence that marks 
the onset of the orogeny. The orogeny is characterised by the deformation and regional 
metamorphism of these supracrustals, followed by intrusion of voluminous (-37 ,000 
km2 of outcrop over northern Australia) and geochemically homogeneous I-type, K-
rich felsic magmas. Page (1988) demonstrated that the conventional U-Pb zircon data 
constrained the depositional age of the supracrustal sequences to around 1880 Ma for 
the Halls Creek Inlier and 1885 Ma for the Pine Creek Inlier, and the Barramundi 
Orogeny to between 1860-1850 Ma for the Halls Creek Inlier, between 1885-1870 Ma 
for the Pine Creek Inlier (where it is referred to as the Nimbuwah Event), around 1870 
Ma for the Tennant Creek Inlier and 1885 ± 10 Ma for the Mt Isa Inlier. The scatter of 
these data suggests that either the orogeny occurred at different times in different areas, 
or that the spread of ages is due to zircon inheritance. 
The post-orogenic magmatism, by contrast, varies in age from one terrane to 
another, is less extensive and is commonly bimodal in character. Major hydrothermal 
and/or intrusive igneous events occurred within the intervals 1800-1780 Ma, 1760-1740 
Ma, 1670-1640 Ma and around 1500 Ma (Page and Williams, 1988). Much of the 
evidence for the 1670-1640 Ma activity consists of Rb-Sr data, which are rarely 
supported by the available U-Pb zircon data. This has been interpreted to represent a 
widespread and coherent episode of hydrothermal activity at about 1650 Ma, which 
reset or disturbed many Rb-Sr ages (Page and Williams, 1988). 
McCulloch (1987) noted the consistency of Nd model ages for the northern 
Australian Early Proterozoic and concluded that the protolith of these rocks separated 
from the mantle at about 2200 Ma, some 400 my. prior to their emplacement into (or 
onto) the upper crust. The coherent geochemistry and assumed paucity of inherited 
zircons of Archaean age within the Early Proterozoic igneous rocks was taken to 
indicate the absence of Archaean rocks in the lower crust (McCulloch, 1987). Page 
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(1988), however, suggested that minor Archean relics are present in some Early 
Proterozoic magmatic rocks, consistent with the model that these Early Proterozoic 
basins developed within older (possibly Archean) continental crust (Etheridge et al, 
1987). 
2.2. Previous Work 
Although the first geological report was compiled by Woolnough (1936), Ivanac 
(1954) published the first comprehensive study of both the mines and the regional 
geology of the Tennant Creek area. Mining companies, especially Geopeko Limited 
and Australian Development Limited (now Poseidon Gold Limited), and the Australian 
Bureau of Mineral Resources (now the Australian Geological Survey Organisation) 
have commissioned numerous, mostly unpublished, geological and geophysical reports, 
some of which are dissertations submitted for either graduate or post-graduate degrees. 
Other investigations into various aspects of the regional geology have been described 
by Crohn (1965), Crohn and Oldershaw (1965), Dunnet and Harding (1967), Mendum 
and Tonkin (1976), Dodson and Gardener (1978) and Blake (1984). More specific 
studies on the genesis of the ore deposits by Nguyen et al. (1989), Wedekind et al., 
(1989), Le Messurier et al., (1990), Wall and Valenta (1990) and Rattenbury (1992) 
recognise that the gold-copper-bismuth mineralisation was precipitated after the 
development of the ironstones. 
Investigations into the geochronology and isotope geology of the region have 
been described by Hurley et al., (1961), Black, (1977, 1981, 1984), Black and 
McCulloch (1984), McCulloch, (1987) and Blake and Page, (1988). These were 
reviewed, along with data from other regions in Australia of similar age, by Page (1988) 
and are summarised below, along with the regional geology. 
2.3. Geology and Geochronology of the Tennant Creek Inlier 
The following summary of the geological evolution of the Tennant Creek Block 
is derived in part from Donnellan et al (1991), Le Messurier et al (1990), Black (1984), 
Mendum & Tonkin (1976), and Etheridge et al (1987). The stratigraphic nomenclature 
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adopted here differs from previously published work on Tennant Creek, and 1s 
formalised by Donnellan et al (in prep). 
McArthur 
Basin 17°00' 
Georgina 
Basin 18°00' 
19°00' 
Wiso Basin 
20°00' 
Arunta Inlier 21°00' 
0 100 
132°00' 133°00' 134°00' 135°00' 136°00' 
Figure 2.2. Location and subdivision of the Tennant Creek 
Inlier (after Le Messurier et al, 1990). 
The Early Proterozoic Tennant Creek Inlier is surrounded by the Cambrian Wiso 
and Georgina Basins, and consists of the Tennant Creek Block, and the younger 
Churchills Head Group and Davenport Province to the north and south respectively 
(Figure 2.2). 
The geology and stratigraphy of the Tennant Creek Inlier are summarised on 
Figures 2.3 and 2.4. Much of the Tennant Creek Inlier consists of a sequence of 
deformed monotonous volcaniclastic greywackes with minor felsic volcanics known as 
the Warramunga Formation (Donnellan et al., in prep). Regional metamorphic grade 
within this unit does not exceed lower greenschist facies. Conventional multigrain U-
Pb zircon data (which included inheritance) gave a maximum age of 1935 Ma for the 
Warramunga Group (of Mendum and Tonkin, 1976) from the southern area of the 
Tennant Creek Block (Blake and Page, 1988), and preliminary SHRIMP I work on the 
same sample suggests an age of 1870-1880 Ma (Page, pers com) . Total rock Rb-Sr 
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Figure 2.3. Simplified Geology of the Tennant Creek Inlier. 
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determinations on shale samples record a metamorphic age of 1766 Ma (Black, 1977), 
which was considered an indication of post-lithification processes that reset this and the 
K-Ar isotope system in many of the Tennant Creek Block rocks (eg Page, 1988). The 
Warramunga Formation is the lowest stratigraphic unit to outcrop in the Tennant Creek 
Inlier. 
CHURCHILLS HEAD GROUP 
~?D3-D4 
Tomkinson Creek Subgroup. 
Mainly cla~tic sediments 
D2? --
Flynn Subgroup 
volcanics and volcaniclastics 
Barramundi Orogeny (Dl) 
? HATCHES CREEK GROUP 
• ·· • [~~~~~~~~41820 - 1810 Ma (Blake and Page, 1988) 
... ,., 3 ... 
• •• •• ? 3. Gosse River East granite 
2. "Warrego" granite 
W ARRAMUNGA FORMATION 
Greywackes 
la. Tennant Creek Granite 
1 b. Cabbage Gum Granite 
le. Mumbilla Granodiorite 
Figure 2.4. Simplified revised stratigraphy of the Tennant Creek Inlier, Northern 
Territory, based on U-Pb zircon geochronology and Donnellan et al (in prep). 
The sedimentary sequence has been extensively intruded by granites, as well as 
by apparently mainly stratabound felsic porphyries. Of the granites, all but the 
"Warrego" and Gosse River East, exhibit sufficient chemical and petrographic 
similarities to suggest that they may have been produced from the same source, 
possibly during the same event (the Barramundi Orogeny). These granites are 
generally pervasively foliated, or form composite plutons of foliated and unfoliated 
granite. Although the conventional U-Pb data (see Page, 1988, and Table 1 below) 
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between 1846 and 1870 Ma for some of the granites, total rock Rb-Sr ages range from 
1450 Ma to 1795 Ma (Black, 1977). Reconnaissance K-Ar ages of 1400, 1510 and 
1630 Ma for the Hill of Leaders Granite, the Mumbilla Granodiorite and the Cabbage 
Gum Granite respectively (Hurley et al, 1961) are now considered, along with the Rb-
Sr data, evidence for a series of widespread younger thermal events. 
The Warramunga Formation is unconformably overlain to the north and south 
by the shallow-water basinal sequences of the Churchills Head Group and Hatches 
Creek Group respectively, which are possibly co-contemporaneous. These basins 
contain thick sequences of elastic sediments (quartzose to lithic sandstone, siltstone, 
shale and conglomerate), with minor carbonates and mafic lavas. Felsic volcanism is 
prominent at and near the bases of both the Churchills Head and Hatches Creek 
Groups. Conventional U-Pb zircon analyses suggest some of the volcanic sequence of 
the Hatches Creek Group are about 1820-1810 Ma (Blake and Page, 1988). The upper 
part of the Churchills Head Group may be much younger than this, as it is 
stratigraphically similar to parts of the MC Arthur Basin (Le Messurier et al, 1990) and 
lies above a marked angular unconformity (Randal and Brown, 1969). 
The Bemborough Formation, one of the lowest units in the Churchills Head 
Group, was originally assigned to the base of the Warramunga Group (Dunnet and 
Harding, 1967), an interpretation supported by a conventional U-Pb zircon age of ca 
1875 Ma (Page, 1988, also Black, 1981, 1984). Le Messurier et al, (1990) considered 
the volcaniclastic Monument Formation to be stratigraphically older than the 
Warramunga Formation, based on the recognition of an unconformity, and lithological 
differences. Detailed mapping by the Northern Territory Geological Survey has 
resulted in the Bemborough and Monument Formations being reassigned to the Flynn 
Subgroup of the Churchills Head Group (Donnellan et al, 1991). The 1733 Ma Rb-Sr 
age reported for the Bernborough Formation (Black, 1977) was not considered to 
represent a depositional age. The Flynn Subgroup is not seen to be intruded by the 
Tennant Creek Granite, as implied by Fig 2.3. 
A mainly metasedimentary sequence of amphibolite facies rocks about 30 km 
southwest of Tennant Creek, known from diamond drillholes, has long been considered 
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the basement of the Tennant Creek Block. Black (1977) suggested that the 1920 ± 60 
Ma whole rock Rb-Sr age for an amphibolite from this sequence represents the age of 
metamorphism for these rocks, and the Sm-Nd and Rb-Sr model ages from the same 
sample have been interpreted as a minimum igneous crystallisation age of about 2400 
Ma (Black and McCulloch, 1984). These rocks are now assigned to the Wundirgi 
Formation of the Flynn Subgroup (Donnellan et al, in prep.). 
Small dolerite dykes intrude the Warramunga Formation, parts of the Flynn 
Subgroup and some of the granites. 
Undeformed lamprophyre intrusions are the youngest rocks of the Tennant 
Creek Block. A possibly reset Rb-Sr age of 1664 ± 16 Ma has been reported for a 
lamprophyre sample (Black, 1984). 
2.4. Structural History 
The Tennant Creek mineral deposits have long been recognised as having 
structural controls on their locations. It is therefore important that the regional structure 
is well understood in order to understand the development of the mineralisation. 
Previous .structural interpretations, both published and company reports, along with 
field observations provide an understanding of the structures existing in the region and 
their relative ages. 
The regional structure is controlled by folding and thrusting during the earliest 
deformation (lvanac, 1954, Rattenbury, 1992). The prominent penetrative slaty 
cleavage found in the W arramunga Formation sediments (parallel to the foliation within 
many of the granites) is associated with this deformation, which predates the deposition 
of the Churchills Head Group. The refolding of Fl folds suggests that some of these 
NNW trending DI structures were probably reactivated during a subsequent 
deformation (D2) with a similar orientation (Etheridge, 1989, Nguyen et al, 1989, 
Elliott, 1991, 1992). Fl folds occasionally show transecting cleavage (where SI is not 
parallel to the fold axial surface), a feature considered to be related to refolding of 
earlier folds (Elliott, 1991). Other manifestations ofD2 include local overprinting of SI 
Compston, 1994 14 
by an E-W S2 cleavage. Both of these cleavages are locally folded by F3 folds, which 
are related to a well-developed E-W crenulation cleavage. Later deformations (D4) 
were brittle, and produced SE and NE trending faults and conjugate kink and chevron 
folds. 
Elliott (1992) suggests that as the first three deformations occurred in a short 
period of time and have similar, but not identical, stress geometries, they may all have 
been produced as phases of a single, progressive, rotational deformation event. The 
regional fault pattern (Figure 2.3), which resembles a regional transcurrent fault 
domain, may result from the rotation of the regional stress field. 
These structural analyses, however, can only determine the relative timing of the 
development of different generations of structures. Absolute timing of these events 
may only be constrained by radiometric dating. 
2.5. Geology of the Ore Deposits 
2.5.1. Introduction 
All the Tennant Creek ore deposits that have been exploited share a common 
association with iron oxides. The abundance of magnetite associated with the deposits 
enabled the successful use of geophysical exploration techniques to identify unexposed 
ironstone lodes, although not all are mineralised. The gold-copper-bismuth 
mineralisation occurs within and adjacent to some of these lodes, and clearly overprints 
the iron oxide-chlorite alteration. 
The ore deposits sampled for age determinations are Eldorado, White Devil, 
TC8, Warrego, Argo, Juno, Peko and Nobles Nob (Figure 2.3, 4.1). These deposits are 
spread almost 60 km along the regional strike of the Warramunga Formation. The 
following description of the Tennant Creek mineralisation is generalised, in order to 
emphasise the common features at the expense of less obvious variations. An implicit 
assumption of this approach is that all the deposits were formed by the same processes 
at the same time. 
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2.5.2. Ironstones 
The term "ironstone" is potentially confusing, as it can have different genetic 
connotations elsewhere (eg. sedimentary banded iron formations). Here it refers to a 
hydrothermal replacement deposit of iron oxide. 
The ironstone lodes range in size from a few tonnes to over 15 Mt in the case of 
the Warrego mine. Of the more than 650 ironstone lodes known in outcrop or by 
drilling (Le Messurier et al, 1990), almost all are hosted by the Warramunga Formation 
sediments, less than 200 are known to contain significant gold-copper-bismuth 
mineralisation and only 30 have produced over 30kg of gold (Wedekind et al, 1989). 
They are distributed along about 75 km of regional strike and have long been 
recognised to occur along distinct trends; the best defined and most productive are the 
"Juno Line" and the "Peko Line" in the vicinity of the Tennant Creek townsite 
(Wedekind et al, 1989). The origin of these trends, which correspond to more magnetic 
zones in the Warramunga Formation sediments (the Black Eye Member of Le 
Messurier et al, 1990), is not well understood, but relates to a combination of structural 
and stratigraphic controls. Rattenbury (1992) suggested that the ironstones occur at 
discrete stratigraphic levels, and in part are related to the presence of hematitic shale 
horizons within the Warramunga Formation turbidites. Magnetite may have been 
enriched in parts of the stratigraphic sequence during hydrothermal circulation 
generated by the intrusion of granites. 
They are typically flattened pipe-like to ellipsoidal bodies which are usually 
oriented east-west, parallel to the regional cleavage. This orientation, along with their 
frequent location in minor D 1 fold hinges or early shear zones (Figure 2.5), suggests 
that they were formed during the first deformation. The iron oxide lodes are mantled 
by strongly foliated chlorite, often with tabular muscovite (Plate 2.1 ), with the foliation 
parallel to the regional S 1 cleavage. The intensity of chlorite alteration decreases away 
from the ironstones. Although hematite is the dominant iron oxide in shallower 
deposits and magnetite more abundant (or dominant) in the deeper deposits, the 
proportions of these minerals is not simply a function of the depth of weathering (which 
Plate 2. la. Magnetite-chlorite-muscovite 
from the Juno deposit ironstone, 
transmitted light 
Plate 2 . lb. Magnetite~chlorite-muscovite 
from the Juno. deposit ironstone, 
reflected light .· 
~I 
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may be up to 100 m). Magnetite, where the dominant iron oxide, often replaces, or 
overgrows, earlier hematite, and may itself be replaced by hematite. Mineralogically, 
ironstones are composed of magnetite (up to 80%), quaitz (up to 60%) and chlorite (up 
to 40% ), with lesser amounts of hematite, pyrite, talc, muscovite and carbonate 
0N edekind et al, 1989), although many of these may have precipitated later, during ore-
formation. 
meters 
• magnetite-pyrite 
mag-chl-dol-talc 
~ dolomite 
D hematite shale 
D greywackes 
~bedding 
1800mE 
Figure 2.5 Cross-section of the Argo deposit, showing ironstone situated 
in an Fl fold hinge. 
Stringer zones of chlorite and iron oxide, often with foliated, tabular muscovite, 
are found in chloritic alteration pipes vertically below the ironstones. 
2.5.3. Gold-Copper Mineralisation 
The metals of economic interest in the Tennant Creek area are gold and copper 
(mainly as chalcopyrite). Bismuth (as native bismuth, bismuthinite and a variety of 
bismuth sulphosalts) is an important byproduct from mines in the region. Ore 
mineralisation clearly overprints the ironstones. 
Plate 2.2a. Gold-bismuth (bismuthinite) vein in 
magnetite at the White Devil ,deposit, reflected 
light 
Plate 2~2.h~ Sulphide vein in fractured ironstone at 
the White Devil deposit, reflected light 
-~~·~~~·~~-~-:.........>.-~.;.........,.-·~ - ~ -
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The ironstones are frequently brecciated, and later chlorite, quartz and gold-
bismuth-copper minerals fill tension cracks and fractures (Nguyen et al, 1989) (Plate 
2.2). Magnetite close to these cracks is frequently partially replaced by hematite, 
indicating interaction with an oxidising fluid. The optically distinct chlorite and 
muscovite associated with the gold-sulphide precipitation are unfoliated (Plate 2.3, 2.4), 
indicating it postdates the formation of the ironstones which contain foliated 
phyllosilicates. Plate 2.5 shows this muscovite intergrown with bismuth and bismuth 
sulphosalts at the Argo deposit. The brecciated texture of the ironstones indicates that 
progressive shearing occurred after the emplacement of the ironstones and concurrently 
with the mineralisation. 
Alteration pipes 
ocu 
DBi 
Au 
Figure 2.6. Simplified cross-sections of mineralisation, showing the 
commonly observed metal zonation. 
Another obvious feature of the Tennant Creek ore deposits is the zonation of 
both ore metals and gangue minerals. Studies of the Juno mine (Large, 1975) and the 
Warrego mine (Wedekind, 1988, Wedekind and Love, 1990) have shown zonation 
within the ironstones, and similar patterns have been observed in other deposits 
(Wedekind et al, 1989, and references therein). In general, the metals are vertically 
Plate 2.3. Foliated Ti' muscovite in 
chlorite, at the ·White Devil .deposit ." 
Plate 2.4. Vein T2 ·muscovite at the Argo 
depo_sit . 
Plate 2.5 .. Bismuthinlte in_tergrown with 
T2 muscovite. · · 
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zoned (Figure 2.6) through the ironstones, with gold concentrated in the massive 
magnetite-chlorite ironstone or in the underlying stringer zone, copper in the upper 
parts of the ironstones and bismuth between and overlapping the gold and copper 
dominated zones. Gangue minerals show similar zonation patterns, with silicate, oxide 
and carbonate minerals forming compositionally distinct zones. 
Mineral Oxide Sulphide Carbonate 
stage stage stage 
Hematite 
- ·-
Magnetite 
Chlorite foliated coarse, unfoliated 
Quartz 
--
~yrite 
--
Arsenopyrite 
--
Chalcopyrite 
Bismuthinite 
Muscovite foliated 
coarse, unfoliated 
Gold 
-----
Bismuth 
----· 
Carbonate 
Talc 
Sphalerite 
-----
Galena 
-----
Figure 2.7. Simplified paragenetic sequence for Tennant Creek ore 
deposits (after Nguyen et al, 1898, Huston et al, 1993). 
A generalised paragenesis of the ore deposits is summarised in Figure 2.7. 
2.5.4. Controls on Mineralisation Formation 
There is a general agreement that the ore mineralisation is a late-stage overprint 
on the existing ironstone lodes (Wedekind et al, 1989, Nguyen et al, 1989, Edwards et 
al, 1990, Wall and Valenta, 1990, Rattenbury, 1992). However, it has not been resolved 
whether the economic mineralisation represents a later stage of the fluid from which the 
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ironstones were precipitated, or whether a different fluid was involved. Wedekind et al 
(1989) considered that the intimate and exclusive relationship between the ironstones 
and the mineralisation is evidence that they are genetically related, whereas Rattenbury 
(1992) considers that "other factors" control the irregular distribution of mineralisation 
among the ironstones. The latter observation is supported by Etheridge (1989), who 
noted the occasional development of gold-copper-bismuth mineralisation without an 
associated ironstone (eg the Orlando prospect). Nguyen et al (1989) argue that both the 
ironstones and mineralisation were formed during D2, whereas Edwards et al ( 1990) 
prefer a two stage evolution, with ironstones developed during DI, approximately 
contemporaneous with the granite intrusions at about 1850 Ma and the mineralisation 
developed during D2. 
Fluid inclusion and stable isotope studies indicate that two distinct fluid phases 
were involved in the formation of the ore deposits (Huston et al, 1993, Nguyen et al, 
1989, Wedekind et al, 1989), although there is no consensus on the interpreted fluid 
temperatures. Nguyen et al (1989) considered that magnetite (ie ironstone) was 
precipitated from a hotter (-350°C) and more saline fluid than the mineralisation, which 
formed at -300°C, whereas Wedekind et al (1989) and Huston et al (1993) consider that 
the temperature of the mineralising fluid (-350°C) exceeded that of the ironstone-
forming fluid by 50 - 150°C. Stable isotope compositions of the fluids (Figure 2.8) 
suggest that the mineralising fluid contained a magmatic component, whereas the 
ironstones do not (Huston, 1993). 
Structural observations regarding the timing of the ironstones formation are 
sometimes contradictory. Their frequent occurrence in early thrust fault ramps and Fl 
anticlines has lead to the assumption that they formed during D 1 (Crohn and 
Oldershaw, 1965, Etheridge, 1989, Elliott, 1991). They are within contemporaneous 
foliated chlorite alteration zones, which are oriented parallel to the regional S 1 
cleavage. Some recent workers have noted that the mineralisation is located in D2 
high-strain zones within the ironstones, and suggested that the ironstones acted as 
geochemical traps for the mineralising fluid (eg Elliot, 1991). 
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The relationship of the ironstones to the felsic porphyries suggests they were 
formed after the intrusion of most of the porphyry dykes. Evidence for this includes (I) 
the frequent occurrence of ironstones along porphyry margins (Crohn and Oldershaw, 
1965, Large, 1975, Elliot, 1992), (2) the occurrence of folded magnetite-quartz veins 
within felsic porphyry dykes (Elliot, 1991), and (3) field evidence that many of the 
porphyries were intruded into wet sediments (McPhie, 1993). Isotopic evidence 
presented here also supports this conclusion, as some ironstones occur in the ca 1840 
Ma Bern borough Formation (which postdate the majority of the felsic porphyries). The 
age of the porphyry dykes will provide an upper limit on the age of the mineralisation. 
Rattenbury (1992) considered that there are also important stratigraphic controls 
on the distribution of ironstones and modelled prominent felsic porphyry intrusions as 
marker horizons to erect local stratigraphic sequences. He suggested that the hematite-
rich shale horizons often associated with ironstones acted as chemical triggers for 
ironstone precipitation and noted that the porphyries acted as barriers to fluid 
movement, implying that they predate ironstone formation. 
The possibility that there was more than one ironstone-producing event should 
not be discounted. Hydrothermal fluids, whether of magmatic, metamorphic or connate 
origin, would be able to mobilise iron as long as soluble Fe remained available within 
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the circulation system. A region containing abundant Fe-oxides, and affected by 
multiple deformations and igneous activity, could well have had precipitation of 
secondary ironstones during several of those events. A requirement of this model is the 
generation of a hydrothermal fluid, capable of transporting metals, more than once. 
The gold-copper mineralisation was clearly formed later than the ironstones, as 
its associated alteration is frequently not foliated. In most mineralised ironstones, 
sulphides are frequently found in (sub-horizontal) tension gashes and fractures in the 
ironstones. 
Age determination of muscovite associated with the ironstones and the 
mineralisation will provide useful constraints on these contrasting genetic models. 
2.6. Conclusions 
Previous geochronological investigations of the Tennant Creek Inlier have been 
of a reconnaissance nature, and the new U-Pb data presented here provides valuable 
constraints on the tectonic evolution of the area as well as providing a framework by 
which the 40 Ar - 39 Ar data may be interpreted. The age of the ore deposits has been 
determined by the application of the 40 Ar - 39 Ar technique to the hydrothermal 
muscovite associated with the mineralisation. In addition, 40 Ar - 39 Ar and K-Ar data 
provide new constraints on the post-orogenic history of the region. 
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3. U-Pb Geochronology - Zircon and Baddeleyite 
3.1. Introduction 
Owing to the paucity of well documented isotopic ages in the region (see 
Chapter 2), a program of U-Pb zircon analyses was carried out in order to establish a 
regional geochronological framework. Although cultural considerations prevented the 
collection of new material from pristine outcrops, many of which have religious 
significance to the local indigenous people, abundant material was available from 
diamond drill-holes (up to -25 years old), previously blasted geochemical sampling 
sites and mine workings. 
Only one deposit, the White Devil, exhibits a cross-cutting relationship with 
felsic porphyry dykes amenable to U-Pb zircon analysis; this provides an upper 
constraint on the age of the mineralisation, and perhaps the ironstones. Mafic dykes, 
which are also seen to cross-cut (and both post- and pre-date) the mineralisation, were 
targeted in order to obtain a younger age constraint on the mineralisation. 
Unfortunately, the only available samples from mineralised zones proved to be narrow, 
fine-grained dykes which were not considered likely to yield U-bearing minerals of 
useable dimensions. Several samples of coarse mafic rocks were collected from 
elsewhere in order to determine the probable range in ages for these dykes. 
3.2. Analytical Techniques 
Samples were collected from sites blasted during geochemical sampling in the 
1970's, or taken from drill core. Sample localities are shown on Figure 3.1, and listed 
in Appendix I. Zircons were separated using normal heavy liquid and electromagnetic 
techniques (see Appendix 2). Between 100 and 1000 clear zircons were handpicked 
from the concentrate, mounted in an epoxy resin disc and polished to half their 
thickness, making it possible to distinguish inherited cores from magmatic (or 
hydrothermal) rims. Although the selection of clean, clear zircons biases the sample 
towards low-U grains (100-300 ppm), it results in more concordant U-Pb ages. The 
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Figure 3.1. Simplified geology of the Tennant Creek Block (after Donnellan et al, in 
prep), showing zircon sample localities. 
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discs were cleaned, microscopically examined and photographed, and gold-coated prior 
to analysis on the ion microprobe SHRIMP I at the Research School of Earth Sciences. 
U-Th-Pb isotopes were measured by focussing a 3 nA O:z· primary beam onto a 
-30 µm diameter area, and by extracting the sputtered positive secondary ions. The 
magnet was cyclically stepped through a series of mass stations from mass 196 
(90zr2l6Q+) to mass 254 (238U16Q+), and included the mass stations 204, 206, 207 and 
208 for Pb as well as the U peak at mass 238 and the 232Th 16Q+ peak at mass 248. 
Further details for the U-Th-Pb analytical procedure using the ion microprobe SHRIMP 
are documented elsewhere (Compston et al, 1984, Compston et al, 1992). 
Elemental abundances and Pb/Th and Pb/U ratios in the zircons were referenced 
to the standard Sri Lankan zircon SL13, for which replicate isotope dilution analyses 
indicate a concordant age of 572 Ma. The baddeleyite standard used here, TK-82-8, 
has a 0.7% discordant 206pbJ238U age of 1131 Ma. Data reduction for the baddeleyite 
analyses was carried out in a similar manner to zircon data reduction (see Compston et 
al, 1984), although with a Th/U discrimination factor of 1.03 (1.11 for zircon). 
Throughout each analytical session, replicate analyses of the standard were made in 
order to calculate the analytical uncertainty in the Pb/U isotope ratios, which is 
propagated through to the individual sample measurements. In some analytical 
sessions, the observed 207pbf206Pb ratios of the standard zircon diminished with time, 
which is attributed to a decreasing Pb-hydride contribution as the source vacuum 
improved. The amount of Pb-hydride, between limits of zero and 2.0% and most often 
less than 1 %, was calculated from the standard analyses, and subtracted from the 
associated sample ratios. Systematic overestimates of the measured 204pbJ206Pb ratios 
were also corrected by reference to the standard. These corrections apply in opposite 
directions, resulting in little overall alteration to the final calculated 207pbf206Pb age. 
Although the validity of the Pb-hydride and 204pb overcount corrections is empirically 
demonstrated by the fact that corrected data from different analytical sessions of the 
same sample are statistically indistinguishable (in those data presented here which were 
analysed over different sessions), recent detailed investigations of the standard suggest 
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that inhomogeneities within the standard could also be responsible for these effects 
(Compston, pers com). 
The excessive scatter seen in many of the samples may result from the effects of 
isotopic disturbance early in the history of the analysed grains (cf Page and Williams, 
1988, Young et al, in press). Repeat analyses of the affected grains frequently result in 
a 207pb/206pb value which is indistinguishable from the magmatic age population, and 
in some cases populations of apparently younger analyses are distinguishable (eg 
baddeleyite analyses, Figures 3.34, 3.35). 
Zircon ages presented in this paper are weighted means (with 95% confidence 
limits), and are derived from 207pb/206pb ratios of the least isotopically-disturbed 
analyses of grains belonging to the same population. Such analyses are more than 90% 
concordant, have low common Pb (usually less than 1 % of the total 206Pb, based on 
204Pb), and indistinguishable 207pb/206pb ratios (ideally at the 2cr level). Although 
outliers are traditionally recognised as analyses which have 207pbf206Pb ratios which 
differ from the mean ratio by more than two standard deviations, many cases presented 
here include some data that exceed that cutoff (for reasons outlined below). The 
inclusion of these analyses does not significantly alter the mean ages, as they tend to 
vary both above and below the mean value, but does increase the error estimates. The 
low common Pb criterion means that the ages presented here are relatively insensitive 
to the common Pb composition used to calculate the radiogenic isotope ratios. 
Early Pb-loss, a characteristic of many Archean metamorphic terranes (eg Black 
et al, 1986, Schiptte et al, 1989), may have affected some of the data presented here. 
Evidence for this phenomenon is that many of the analysed populations contain a 
greater spread of individual ages than is normally expected for SHRIMP analyses of 
single age populations (eg Compston, et al., 1992), without being resolvable into sub-
populations. Although the grade of metamorphism of the Tennant Creek Block is 
generally quite low (lower greenschist), the area has experienced a sequence of igneous 
and hydrothermal events closely spaced in time, in addition to younger metamorphism. 
The younger activity appears to have disturbed the isotope systematics of some zircons, 
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which can be identified as young "outliers" to the main populations. Repeat analyses of 
the same zircon need not result in the same apparent 207pbf206pb age due to isotopic 
inhomogeneity on a very small scale (see Williams, 1992). A further complication is 
the possible presence of zircons inherited from igneous activity only slightly older than 
the sample's magmatic population. Where the age difference between the igneous 
events is only 15-20 Ma, it becomes difficult to distinguish which zircons crystallised 
in response to which event. One convincing example of this phenomenon presented 
here is an altered felsic dyke in which the majority of zircons appear to have been 
isotopically disturbed, and form a population which is resolvable from that which 
represents the magmatic age. Slightly older "outliers" to the main populations may 
represent unrecognised inheritance of those ages, or mixed ages produced when the 
analysed 50 µm spot contains more than one age domain. Williams (1992), among 
others, has pointed out that older cores are not always visible by optical techniques. 
3.3. U-Pb Zircon Results 
The following results represent over 700 individual zircon analyses, which are 
tabulated in Appendix 3. Ages produced by the pooling of zircon data from each 
sample are summarised in Table 3. A feature of these data is their concordant nature, 
which is in marked contrast to the previously published conventional analyses, and 
enables the confident use of 207pbf206pb values to define the age of the samples. 
3.3.1. The Warramunga Formation 
Two samples of unaltered medium-grained feldspathic to lithic greywacke were 
collected from the White Devil and Eldorado mines and an altered felsic tuff was 
collected from the Gecko mine. The greywackes represent the coarsest available 
lithologies from the turbidite sequence, and consist of abundant poorly sorted clasts, up 
to a few millimetres in diameter, mainly of angular quartz and plagioclase detritus with 
common cherty fragments, in a matrix of fine chlorite, sericite and quartz. 
Zircons from the greywackes are mainly subhedral, pink to colourless cloudy 
grains up to 200 µm in length. The cloudiness results from mild surface abrasion 
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(observable as microscopic pits) during sedimentary processes, although a small 
proportion of well-rounded and heavily abraded grains is evidence of more than one 
provenance. Many grains exhibit euhedral zoning, indicative of their original magmatic 
origin; some show rounded cores with clearly identifiable overgrowths. 
0.7 
;;;i White Devil detrital 00 
0.6 ~ 1861 ±7 Ma 
0.5 i=.. 2500 ~ 
Q 
N 
0.4 200ff' 
,' 1 
1750 
0.3 1500: 
1250 
0.2 0.30 
0.1 0.25 
4.0 5.0 6.0 
0.0 
5.0 10.0 15.0 20.0 
201pb/235u 
Figure 3.2 White Devil Greywacke (92-295). Maximum age 1861 ± 7 
Ma (includes unshaded boxes). Diagonally striped boxes represent older 
provenance, horizontally striped boxes are excluded from mean ages. 
More than one age-population of zircons may be distinguished rn each 
greywacke sample, the youngest of which are identical in age for each sample and are 
considered to represent the maximum age of sedimentation. The most concordant 
analyses from the White Devil sample (92-295) have a mean age of 1861 ± 7 Ma 
(Figure 3.2), and those from tbe Eldorado sample (92-296) have a mean age of 1859 ± 7 
Ma (Figure 3.3). For the White Devil sample, U contents range between 46 and 565 
ppm, Th/U ranges from 0.23 to 1.32 and common Pb levels are generally low. For the 
Eldorado sample, U contents range between 23 and 474 ppm, Th/U ranges from 0.25 to 
4.37 and common Pb levels are low to moderate. A number of older grains, aged 
between 3.0 Ga and 2.0 Ga, are considered to be derived either as detrital grains from 
older sedimentary rock (as indicated by tbeir eroded margins) or as inheritance included 
in the youngest population (indicated by core-rim analyses). A less precisely 
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Figure 3.3. Eldorado Greywacke (92-296). Maximum age 1859 ± 13 
Ma. (includes unshaded boxes). Diagonally striped boxes represent older 
provenance, horizontally shaded boxes are excluded from mean ages. 
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determined subordinate population in the White Devil sample has a mean age of 1908 ± 
15 Ma, whereas one in the Eldorado sample is slightly (but not significantly) older at 
1930 ± 12 Ma. These are considered to represent detritus from sources slightly older 
than the ca 1860 Ma felsic volcanism; none of the sediment sources have yet been 
identified in the Tennant Creek Block. 
The altered felsic tuff from the Gecko mine (92-297) consists of angular, 
slightly embayed quartz and altered feldspar phenocrysts in a microcrystalline 
groundmass of quartz and chlorite. Although the rock has been overprinted by chlorite-
pyrite alteration associated with gold-copper mineralisation, relict shard textures have 
been described from this lithology (Geopeko reports). Clear pink subhedral zircons up 
250 µm in length, and zircon fragments, occur both in the clasts and the matrix; 
evidence of mechanical abrasion is not observed. For the analysed sites on 30 grains, U 
contents range between 20 and 436 ppm, Th/U ranges from 0.14 to 0.86 and common 
Pb levels are generally low. Most U-Pb ages lie in a group on or close to Concordia 
(Figure 3.4) and have a mean age of 1862 ± 9 Ma. Inherited grains, with magmatic 
overgrowths, are as old as 2. 7 Ga. 
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Figure 3.4. Altered felsic tuff - Gecko Mine (92-297). Mean age 1862 ± 
9 Ma. Striped boxes are excluded from mean ages. 
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The age of the tuff is indistinguishable from those obtained from the 
Warramunga Formation greywackes and confirms that the age of deposition of the 
greywackes was ca 1860 Ma. Since the age of source of the sediments is 
indistinguishable from their deposition age, that source must have been rapidly eroded 
after eruption (assuming it to be felsic volcanism) and the detritus deposited soon after 
in a deep-water environment. This is consistent with the rapid-subsidence phase of the 
model of Etheridge et al (1987) for the formation of Early Proterozoic basins. 
The Warramunga Formation greywackes are host to the Tennant Creek gold-
copper mineralisation, and a mineralised sample (92-299) was analysed in order to test 
for the presence of hydrothermal zircon which may be related to the mineralisation. 
Zircon was identified in high-grade mineralisation at the Eldorado deposit (700 ppm 
Au, company report). The sample consists of hematite (40%), chlorite (45%), 
muscovite (5%) and quartz (10%), with rare sulphide (cpy and py), bismuth (and 
bismuth sulphosalts) gold and accessory zircon, and is considered to be an altered 
greywacke. The zircons appear to be of detrital origin, although some display high-
uranium overgrowths (most of which proved too narrow to analyse). 
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Figure 3.5. Detrital zircons from Eldorado mineralisation (92-299). 
Mean age, after outliers removed, 1861 ± 11 Ma. Striped boxes are 
excluded from mean age. Diagonally striped boxes represent an older 
population. 
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The separated zircons vary from rounded, cloudy brown grains to subhedral 
clear prisms, some with euhedral growth zones. U contents range from 67 to 21680 
ppm, with Th/U from less than 0.1 to 1.36, and moderate to high levels of common Pb. 
The analysed sites containing high U levels correspond to overgrowths which probably 
contain xenotime (as the Zr counts are lower in these areas). Although the majority of 
the 63 analyses (on 57 grains) are too discordant to provide meaningful data (Figure 
3.5), investigation of 26 analyses less than 25 % discordant shows that the zircons are 
indistinguishable from the detrital populations described above. Exclusion of the older 
inherited component, and younger outliers (considered to have either experienced 
ancient Pb-loss or to be genuinely younger, hydrothermal grains), leaves two 
overlapping populations with mean ages of 1861±11 Ma (16 analyses) and 1900 ± 30 
Ma (3 analyses). A cumulative probability histogram of the concordant dataset 
illustrates the distortion generated by the younger outliers and the older (1900 Ma) 
population (Figure 3.6). Removal of the outliers produces a population normally 
distributed about the 1860 Ma mean (Figure 3.7). 
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Figure 3.6. Cumulative probability histogram of showing age distribution of 
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Figure 3.7. Cumulative probability histogram of Eldorado mineralisation 
zircons (92-299), showing symmetrical distribution about 1861 Ma after the 
removal of outliers. 
31 
Compston, 1994 32 
3.3.2. The 1850 Ma Granites 
Although the granites of the Tennant Creek Block have geochemical and 
petrographic similarities, a variety of ages have been published for different plutons 
(see Page, 1988 and references therein). However, the zircon analyses reported in the 
study for most of the major plutons, and several minor ones, show that they are 
identical in age. Lithological varieties include granodiorite to coarse porphyritic 
granite, with textural variations from massive and even-grained to foliated and 
porphyritic. In many of the samples, primary biotite and hornblende are replaced by 
chlorite. Foliation is commonly parallel to the regional cleavage, produced by the first 
deformation (D !) to have affected the Tennant Creek Block (Mend um and Tonkin, 
1976, Rattenbury, 1992). 
The ~..1umbilla Granodiorite outcrops extensively in the southeast part of the 
Tennant Creek Inlier. This sample (92-219), collected from about 50 km southeast of 
Tennant Creek, is a moderately foliated granodiorite containing subhedral microcline 
phenocrysts (25%), up to 25mm in diameter, in a coarse matrix of quartz (40%), 
plagioclase (25%), kinked brown biotite (10%) and minor muscovite. Thin plagioclase 
rims are common on the phenocrysts. Accessory minerals include magnetite, apatite, 
sphene, zircon and pyrite. Coarse blue tourmaline is locally abundant. 
Most of the zircons are subhedral equant grains, up to 300 µm long, and pale 
pink to brown in colour. Many show well-developed euhedral zoning; some contain 
inclusions. U contents range between 300 and 1100 ppm, with Th/U ratios of 0.1 to 
1.3, and low levels of common Pb. All the analyses lie in a group that overlaps 
Concordia (Figure 3.8). The mean age of 20 analyses is 1850 ± 6 Ma. 
Zircons from four samples from three separate plutons of the Tennant Creek 
Granite were analysed. Zircons from all samples are clear, pale pink in colour and 
transparent. Most are subhedral and equant; some with faint euhedral zoning and 
crystal faces, although a few grains are elongate (up to I :5). Mineral inclusions are 
common, and occasional grains have rounded inherited cores. 
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Figure 3.8. Mumbilla Granodiorite (92-219). Mean age 1850 ± 6 Ma. 
(includes unshaded boxes). Striped boxes are excluded from mean age. 
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Figure 3.9. Tennant Creek Granite, north pluton (92-227). Mean age 
1848 ± 7 Ma. (includes unshaded boxes). Striped box is excluded from 
mean ages. 
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Thirty-one concordant analyses from an even grained sample from the northern 
pluton (92-227), which outcrops near the Barkly Highway, have a mean age of 1848 ± 
7 Ma (Figure 3.9), whereas 22 concordant analyses of zircons from a porphyritic 
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sample from the best exposed pluton at the Devils Pebbles (90-407), west of the Sturt 
Highway, have a less precise mean age of 1858 ± 12 Ma (Figure 3.10). U contents 
from the northern pluton range between 100 and 377 ppm, with Th/U ratios of 0.31 to 
0.75, and low levels of common Pb. For the Devils Pebbles sample, U contents range 
between 58 and 462 ppm, with Th/U ratios of 0.2 to 0.8, and low levels of common Pb. 
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Figure 3.10. Tennant Creek Granite at the Devils Pebbles (90-407). 
Mean age 1858 ± 12 Ma. Striped boxes are excluded from mean ages. 
The Tennant Creek Granite at Red Bluff outcrops irregularly about 25 km north-
west of Tennant Creek township and extends further to the west and south under soil 
cover. Concordant analyses of a medium to coarse grained granite (90-408) have a 
mean age of 1853 ± 10 Ma (Figure 3.11), excluding inherited outliers, whereas those 
from a finer-grained sample (92-287) collected from drillcore about 15 km west of the 
main outcrops have a mean age of 1849 ± 7 Ma (Figure 3.12). Chemically, zircons 
from both samples are similar, with U contents ranging between 61 and 742 ppm, Th/U 
ratios of 0.1 to 1.5, and low levels of common Pb. Inherited grains are present in both 
samples, and represent the higher U and Th/U analyses. 
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Figure 3.11. Tennant Creek Granite at Red Bluff (90-408). Mean age 
1853 ± 10 Ma. Striped boxes are excluded from mean ages. 
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Figure 3.12. Tennant Creek Granite at Red Bluff, west (92-287). Mean 
age 1849 ± 7 Ma. Striped boxes are excluded from mean ages. 
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Because the Cabbage Gum Granite, a medium-grained granite, is poorly 
exposed, it was sampled from drillcore about 15 km south of the Tennant Creek 
township (92-288). Concordant analyses of twenty six grains from this sample have a 
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mean age of 1848 ± 7 Ma (Figure 3.13). U contents range between 150 and 478 ppm, 
with Th/U ratios of 0.2 to 0.9, and low levels of common Pb. 
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Figure 3.13. Cabbage Gum Granite (92-288). Mean age 1848 ± 7 Ma. 
Striped boxes are excluded from mean ages. 
Felsic porphyry dykes are common in the Tennant Creek Block. At the White 
Devil mine they predate the formation of the ore deposit, and elsewhere in the region 
are seen to intrude the Warramunga Formation as extensive stratabound sills. Field 
relations led McPhie (1993) to argue that the dykes were intruded into relatively wet, 
undeformed sediments, which implies they should be of similar age to those sediments, 
and older than all the deformations. (This assumes the regional deformation would 
substantially dewater the sedimentary pile.) Unaltered samples of these dykes proved 
impossible to obtain, and two samples were analysed, as the dykes at the White Devil 
deposit are atypical in that they occur at a high angle to the stratigraphy (and have 
sheared contacts). 
An altered sample from an underground exposure at the White Devil mine (92-
292) consists of phenocrysts of microcline (25%) up to 8mm long, and em bayed quartz 
(35%)up to 15mm long, in a groundmass of microcrystalline quartz, sericite and 
chlorite. Some of the microcline phenocrysts have plagioclase rims. Books of chlorite, 
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with opaque inclusions, up to 3mm long, in part rimmed by muscovite, replace original 
ferromagnesian minerals (probably biotite). Randomly oriented fine muscovite, 
paragenetically related to gold-bismuth-copper mineralisation, is disseminated 
throughout, and also occurs as aggregates up to a few millimetres in size. Accessory 
zircon and titanite are rare. 
Thirty-eight concordant analyses have a mean age of 1853 ± 8 Ma (Figure 3.14). 
U contents range between 140 and 360 ppm, with Th/U ratios of 0.2 to 0.6, and low 
levels of common Pb. This age is in good agreement with the field relationships for the 
older suite of felsic porphyries, which appear to have intruded relatively unlithified 
greywackes, and are folded by the first deformation. 
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Figure 3.14. White Devil felsic porphyry (92-292). Mean age 1853 ± 8 
Ma (unshaded boxes). Dark boxes are excluded from mean ages. 
A second, superficially less altered, sample was collected from drill-core from 
close to the Peko copper smelter site (94-105), some 5 km northeast of the White Devil 
deposit and consists of embayed quartz and potassium feldspar phenocrysts in a 
groundmass of microcrystalline quartz, sericite and chlorite. Clumps of chlorite, up to 
3mm, probably replace biotite, and contain abundant fine subhedral zircon. Accessory 
zircon to 500 µmare common. This porphyry has been described by McPhie (1993) as 
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having been intruded into wet, unlithified (and undeformed) sediment, which implies 
that it is at least as old as the extensive granites described above (-1850 Ma). 
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Figure 3.15. Felsic porphyry at the Peko smelter site (94-105). Mean 
age 1848 ± 8 Ma. Shaded boxes are excluded from mean age. 
A total of 34 analyses were made on 33 grains. U contents range between 120 
and 850 ppm, with Th/U ratios of 0.22 to 1.28, and low levels of common Pb. Three 
analyses (25.1, 32.1 and 33.1) identify inherited zircon aged between 1930 and 2175 
Ma, the older two of which represent visible cores to younger grains. The remainder of 
the zircons lie in a concordant group with a mean age of 1828 ± 10 Ma, but which 
shows considerable scatter in excess of analytical error (Figure 3.15). Statistical 
analysis indicates the presence of two populations (Figure 3.16), one with a mean age 
of 1848 ± 8 Ma (10 analyses) and the other with a mean age of 1801 ± 9 Ma (19 
analyses). The older population is considered to represent the crystallisation age of the 
porphyry on the basis of field relations. The younger group represents either ancient 
Pb-loss in igneous zircons or hydrothermal zircon growth or both. Duplicate analyses 
(on Grain 1) suggest that Pb-loss has occurred, whereas some of the smaller, younger 
(clear and faceted) grains appear similar to those observed in the chlorite alteration 
clots, and may be of hydrothermal origin. There are no chemical or morphological 
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distinctions between the two populations. The geological significance of the younger 
age is difficult to ascertain. As the Pb-loss is probably heterogenous within grains 
(indicated by the analyses of Grain 1) even on a scale of microns, the individual ages 
attributed to this phenomenon are likely to be a mixture of the age of original 
crystallisation and that of the isotopic disturbance. Therefore the mean age of 1801 ± 9 
Ma is only a maximum estimate for the age of the disturbance. 
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Figure 3.16. Cumulative probability histogram of 34 U-Pb ages from the 
felsic porphyry at the Peko smelter. Two distinct age populations are 
present, in addition to inherited grains. 
All these granites (and porphyries) have indistinguishable ages close to 1850 
Ma. Their uniform chemical and petrographic characteristics are consistent with their 
derivation from the lower crust. Wybom, et al. (1992) characterise this suite as I-type 
because biotite and rarely hornblende and clinopyroxene are the mafic silicate minerals 
present. Restite unmixing is considered to control the range in chemical composition, 
as K/Rb ratios remain constant with increasing Si02 (Wyborn, et al., 1988, Wyborn, 
1988). The variable foliation of the granites requires that most were em placed before 
the major regional deformation; some unfoliated granites are considered to post-date the 
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deformation (Etheridge, pers. comm.). This effectively constrains the age of the first 
deformation as being the same as the age of these granites; 1850 ± 6 Ma. 
3.3.3. Mafic Rocks· dolerites, gabbros, lamprophyres 
Small stocks of gabbro (93-861), only a few IO's of meters in diameter, intrude 
the northern parts of the 1850 ± 6 Ma Mumbilla Granite, about 20 km southeast of 
Tennant Creek. These are relatively fresh compared to their host granites, containing 
60% fine hornblende, 10% medium-grained red-brown biotite (to 2mm), with 25% 
variably sericitised plagioclase and potassium feldspar, and minor quartz. Accessory 
minerals include apatite and zircon. 
Most of the zircons are irregular tabular grains, up to 300µm long, and pale 
brown in colour. Prismatic grain terminations are rare and no xenocrystic cores were 
observed. Many show poorly developed zoning and contain irregular inclusions. 
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Figure 3.17. Gabbro (93-861) intruding Mumbilla Granodiorite. Mean 
age is 1841 ± 6 Ma. Striped boxes are excluded from mean age. 
The 31 analysed sites on 30 grains have U contents between 400 and 1550 ppm, 
with Th/U ratios from 0.1 to 1.3 (mostly 0.6 - 0.9) and low levels of common Pb. 
Twenty-six concordant analyses have a mean age of 1841 ± 6 Ma (Figure 3.17). 
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Younger analyses (4.1, 7.1and24.1) are discordant and considered to have experienced 
both ancient and recent Pb-loss, and are excluded from the mean age. 
Both the age and low degree of deformation of this sample suggest it is younger 
than the Barramundi Orogeny , which is constrained to ca 1850 Ma. The Bemborough 
Formation of the Flynn Subgroup, and some of the felsic porphyry dykes intruding the 
Warramunga Formation sediments are, however, identical in age to this sample (see 
below). 
Dykes and sills of dolerite and diorite intrude the northwestern part of the 
Tennant Creek Block and extend into the lower parts of the Tomkinson Creek 
Subgroup. Most outcrops are highly altered; hornblende and pyroxene are replaced by 
chlorite and epidote, sericite replaces plagioclase. A sample of a monzonitic felsic 
differentiate (93-863) represents the freshest available material, and was taken from a 
creekbed outcrop 15 km north-northeast of the Warrego Mine. It consists primarily of 
altered (sericite and hematite) feldspar, with 20% dark green hornblende, partly 
replaced by chlorite, epidote and hematite, and 20% interstitial quartz. Apatite is an 
abundant accessory mineral. 
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Figure 3.18. Monzodiorite dyke (93-863) intruding Flynn Subgroup. 
Mean age is 1821±8 Ma. Striped box is excluded from mean age. 
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Zircons are anhedral to subhedral, and clear and colourless. Elongate inclusions 
parallel to the C-axis of the grains are not uncommon; growth zoning is rare. The U 
contents of the analysed sites range from 300 to 800 ppm, with high Th/U ratios from 
2.0 to 4.2. The majority of analyses lie in a concordant group with a mean age of 1821 
± 7 Ma (Figure 3.18). 
Another example of a mafic dyke is a medium-grained dolerite (92-286) which 
apparently intrudes the Tennant Creek Granite at Red Bluff (seen in drillcore). It 
consists of a mesh of green biotite ( 45% ), in part altered to chlorite, with interstitial 
sericitised plagioclase and rare quartz. Minor opaques and epidote are also present. 
;:,i 
QQ 
..-i 
0.35 ~ .c ~ 
\C 
Q 
N 
0.30 
1500 
0.25 
1700 
1600 
2000 
Dolerite Dyke 
1858±9 Ma 
0.20 L---J..-_.J.._ _ __J_ _ .J__ _ __J. __ -'-----'---' 
3.5 4.0 4.5 5.0 5.5 6.0 6.5 
207Pb/23Su 
Figure 3.19. Dolerite dyke (92-286) intruding Tennant Creek Granite. 
Mean age 1858 ± 9 Ma .. Striped box is excluded from mean age. 
Fine equant subhedral zircons, clear and colourless, are common in the sample. 
They differ from the granitic zircons in that they show neither internal structure nor 
inclusions. The analysed sites also contain lower U contents, from 50 to 150 ppm, with 
Th/U ratios in the narrower range of 0.4 to 0.8 compared with 0.1 to 1.5 in the zircons 
separated from the granites and supracrustals. All the analyses lie in a group on or 
close to Concordia (Figure 3.19); 27 grains from this group have a mean age of 1858 ± 
9 Ma. Although this age is indistinguishable from that of the majority of the granites in 
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the Tennant Creek area, contact relations indicate that this rock has intruded the 
Tennant Creek Granite. The age of the Tennant Creek Granite from the same locality 
(drillhole) is 1849 ± 7 Ma, providing a 7 Ma overlap (at the 95% confidence limit) with 
the dolerite age. As it is unlikely that the analysed zircons are xenocrysts inherited 
from the Tennant Creek Granite (based on chemical distinctions), these zircons 
probably crystallised from the dolerite, and hence date its emplacement. 
Dykes of minette are common throughout the Tennant Creek Block and are 
composed of abundant coarse to medium grained biotite phenocrysts in a finer matrix 
of feldspar, with minor quartz. These commonly show little apparent deformation or 
alteration, implying they are among the youngest rocks in the area, although the 
analysed sample (92-224) showed extensive chlorite alteration of biotite, as well as 
traces of chaicopyrite and gold considered to represent crustal contamination. Zircons 
were initially noted during the separation of biotite for K-Ar analysis, and their rounded 
shape considered to indicate disequilibrium with the lamprophyre magma; they are 
therefore interpreted to be xenocrysts. The presence of native gold, magnetite and 
sulphides, as well as quartz, is additional evidence that the lamprophyre has been 
contaminated by material from the regional lithologies (including a mineralised 
ironstone). 
The zircons are equant and slightly rounded or irregular in shape, and up to 200 
µm in length. Inclusions are rare, growth zoning is only weakly developed and few 
cores were observed. This may result from more complete dissolution of structurally 
imperfect zircons in the lamprophyre magma. The analysed sites on 21 grains have U 
contents between 160 and 420 ppm, with Th/U ratios from 0.28 to 0.93 and low levels 
of common Pb. 
As expected, a range in ages was obtained for zircons from this sample, the 
majority of which lie in a concordant group with a mean age of 1843 ± 7 Ma (Figure 
3.20). This age is indistinguishable from some of the felsic magmatism in the Tennant 
Creek Block, and these zircons probably represent contamination of the lamprophyre by 
those rocks. Although it is not possible to distinguish subpopulations of higher and 
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lower ages within this group, their existence cannot be ruled out as the lamprophyre has 
intruded rocks ranging in age from 1862 ± 9 Ma (supracrustals) to 1821 ± 4 Ma (mafic 
dykes). The crystallisation age of the lamprophyre may be indicated by duplicate 
analyses of Grain 7, which are identical to its K-Ar age of 1690 ± 35 Ma (2cr) (but not 
to each other). Although this grain appears identical to others analysed and may have 
experienced homogenous and complete diffusive Pb-loss at ca 1690 Ma, it can also be 
distinguished on Th content. Other zircon-producing (or Pb-removing) events 
identified in this sample occurred at ca 1749 ± 17 Ma (20', mean of two analyses of 
Grain 13) and 1785 ± 24 Ma (2a). 
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Figure 3.20. Lamprophyre dyke (92-224). Most zircons plotted are 
xenocrysts; the youngest may represent dyke's intrusion age. 
3.3.4. Other Intrusive Rocks 
The Channingum Granite (92-289), a small pluton of undeformed even-grained 
massive granite, 30 km east of Tennant Creek, has apparently intruded the base of the 
Flynn Subgroup. The contact aureole in these rocks is distinctively different from the 
majority of the granites in the Tennant Creek Inlier (which intrude the Warramunga 
Formation sediments) in that it has developed fine muscovite along argillaceous layers, 
and this granite is considered to be post-tectonic. 28 analyses were made on 26 grains, 
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with U contents ranging between 110 and 707 ppm, Th/U ratios of 0.3 to 1.22, and low 
levels of common Pb. The mean age for this sample is 1840 ± 9 Ma (Figure 3.21). 
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Figure 3.21. Channingum Granite (92-289). Mean age is 1840 ± 9 Ma. 
Striped boxes excluded from mean age. 
The "Warrego granite" (92-218) is a coarse-grained equigranular muscovite-
bearing granite that crops out to the west of the Warrego Mine. Field evidence 
suggesting the "Warrego granite" is younger than the Tennant Creek Granite includes 
the reorientation of the regional cleavage (and the Warrego ore deposit) along its 
eastern margin (Wedekind and Love, 1990, Le Messurier et al, 1990) and the 
development of andalusite and cordierite in its contact metamorphic aureole, minerals 
which are not seen adjacent to other granites. As surface exposures are extensively 
weathered, the sample was taken from drillcore. It consists of microcline (30% ), quartz 
(25%), sericitised plagioclase (20%) and books of coarse muscovite (15%), with minor 
chlorite alteration (after biotite). Zircon and secondary hematite are accessory. The 
relatively sparse zircons are irregular to tabular grains, up to 300µm, and cloudy to 
opaque brown. Sectioned zircons clearly show occasional inherited cores and common 
irregular high-U overgrowths, and many contain significant amounts of xenotime 
(identified by electron-probe analysis). 
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The 20 analysed sites on 17 grains have U contents between 140 and 15000 
ppm, with Th/U ratios from 0.05 to 2.5, and moderate amounts of common Pb. High U 
and Th values reflect significant amounts of xenotime within the zircon structure (as 
identified by electron probe). An effect of the xenotime is the apparently highly 
discordant nature of those analyses (Figure 3.22). This is probably not a real effect, but 
is due instead to different proportions of secondary ion generation for xenotime 
compared with the standard zircon, SL13. The measured 207pb/206pb ratios are 
independent of the standard calibration, and therefore are meaningful indicators of the 
ages of the analysed domains. Ignoring the most discordant analyses (6.1, 12.1, 14.1 
and 17.1), the analyses yield a range of 207pbf206Pb ages, from 1629 ± 20 Ma to 1857 ± 
12 Ma. Age clusters occur at -1650 Ma (slightly discordant analyses 7.1, 15.1, 16.1 
and 10.2, supported by the reversely discordant analyses 3.1 and 4.1) and -1800 Ma 
(nearly concordant analyses 5.1, 8.1 and 13.l, supported by the reversely discordant 
analyses 1.1, 9.2 and 4.2). Analyses 10.1 and 17.1 are interpreted to be inherited 
xenocrysts, aged 1857 ± 12 Ma and 1844 ± 20 Ma respectively. Repeat analyses of 
grains 4 and 10 show that rims developed on pre-existing grains at around 1650 Ma and 
an analysis of grain 9 has a 207pbf206Pb age of 1714 ± 2 Ma. These are identical (at the 
95 % confidence level) to the 1684 ± 17 Ma K-Ar age obtained for muscovite from this 
granite (see Chapter 4). The presence of xenotime at both ca 1650 Ma and ca 1800 Ma 
may indicate that a hydrothermal event affected the source region at ca 1800 Ma. 
Alternatively, the age of crystallisation may be represented by the low-U grains (5, 8 
and 13) with a mean age of ca 1800 Ma, and the younger analyses represent 
zircon/xenotime which crystallised, or lost Pb, in response to post-crystallisation 
processes. 
Although these data do not unequivocally constrain the age of the "Warrego 
granite", the youngest U-Pb analyses are considered to represent the most likely age of 
crystallisation. They are within error of the 1662 ± 20 Ma Rb-Sr age of Black (1977), 
which may represent crystallisation rather than a metamorphic age. 
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Figure 3.22 "Warrego" granite (92-218). Zircon and xenotirne (narrow 
error boxes) analyses. Minimum age -1650 Ma. 
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An unusual (high-U) sample, of the Gosse River East granite (93-709), was 
collected from drillcore about 45 km east of the Tennant Creek townsite. It consists of 
plagioclase (45%), microcline (35%), quartz (10%) and chlorite (10%), and probably 
altered biotite or hornblende. A dusting of fine hematite gives the rock a pronounced 
pink colour. Accessory minerals are apatite and zircon. 
Most of the analyses lie in a concordant group (Figure 3.23), the mean age of 
which is 1712 ± 5 Ma. Grains interpreted to be inherited are all younger than 1900 Ma, 
and may represent contamination of the magma by the host rocks. Alternatively, the 
source of this granite may have contained some of the 1865-1850 Ma rocks discussed 
above, or was affected by the thermal event which produced those magmas. Although 
this sample is both physically remote from, and petrologically dissimilar to the 
"Warrego granite", its U-Pb zircon age is close to both the K-Ar and Rb-Sr ages 
obtained for that granite. 
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Figure 3.23. Gosse River East granite (93-709). Mean age 1712 ± 5 Ma. 
Striped boxes are excluded from mean ages. 
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A representative of a minority of the porphyries in the Tennant Creek Block was 
taken from drill-core of a large outcrop of unfoliated massive quartz-feldspar porphyry 
near the discontinued Jubilee gold workings, 10 km west of the Tennant Creek 
townsite. In general, the majority of felsic porphyries are foliated (often by 2 
penetrative cleavages), tend to have larger phenocrysts and are deeply weathered in 
outcrop (Plate 3.1). Less weathered porphyries, with only a fracture cleavage (Plate 
3.2), are less common, and may represent a younger, post-deformation suite of 
intrusions. This example (92-291) consists of abundant phenocrysts of alkali feldspar 
(35%, up to 15mm), and rounded and embayed quartz (20%, up to 8mm), and minor 
magnetite, in a groundmass of microcrystalline quartz, feldspar, chlorite and sericite. 
Relict ferromagnesian minerals are pseudomorphed by aggregates of chlorite, 
muscovite and opaque minerals. 
Pale pink, subhedral, equant to elongate zircons exhibit weak euhedral zoning 
and contain occasional fluid and mineral inclusions. The majority of analyses form a 
near-concordant group (Figure 3.24 ), which is resolvable into two populations. Figure 
3.25 shows the distorted normal age distribution, due to a small number of older grains. 
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The main group has a mean age of 1841±9 Ma, and the older grains have a mean age 
of 1875 ± 13 Ma. As the older age exceeds that of the host sediments, the younger age 
is considered to be the intrusion age. 
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Figure 3.24. Felsic porphyry at Jubliee (92-292). Mean age 1841 ± 9 
Ma. Striped boxes are excluded from the mean age. 
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Figure 3.25. Cumulative probability histogram of 32 samples from the 
felsic porphyry near Jubilee, showing non-Gaussian distribution produced 
by over lapping age populations. 
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3.3.5. Churchills Head Group 
The Churchills Head Group overlies the Warramunga Formation of the Tennant 
Creek Block. The basal strata of the Churchills Head Group, the Flynn Subgroup, are 
composed primarily of felsic volcanics and volcaniclastic sediments, and may correlate 
with the lower part of the Hatches Creek Group (to the south of the Tennant Creek 
Block). Both of the Flynn subgroup samples reported here are from the Bernborough 
Formation. 
An example of what are locally referred to as "porphyroids" was taken from drill 
core 20 km north of the Tennant Creek townsite. These rocks were recognised as being 
distinct from the Warramunga Formation sediments by Le Messurier et al. (1990), and 
have more recently been interpreted as lapilli tuffs, and incorporated into the Flynn 
Subgroup of the Creek Beds (Donnellan et al., 1991). 
The first sample (92-294 ), a crystal-rich volcanic rock, is composed of 
phenocrysts of rounded and embayed quartz (30%, up to 6mm), potassium feldspar 
(20%, up to 2mm), and plagioclase (15%, up to 5mm long), in a very fine matrix of 
quartz, chlorite, sericite and magnetite. Biotite phenocrysts are pseudomorphed by 
coarse chlorite (15%). The sericite and chlorite are moderately foliated and some of the 
phenocrysts, particularly microcline, are shattered. Minor quartz has recrystallised in 
pressure shadows. Pink subhedral, mainly elongate, zircon is an abundant accessory 
mineral; it is commonly euhedrally zoned. Occasional grains contain fluid or mineral 
inclusions. 
Twenty zircons from this sample were initially analysed. The mount was then 
repolished and a further 16 analyses made, including repeat analyses of the 4 grains 
from the earlier session which had apparently low ages. This established that those 
analyses represented ancient Pb-loss rather than new zircon growth. Thirty-one 
concordant analyses have a mean age of 1840 ± 8 Ma (Figure 3.26), which is 
considered to represent the extrusion age of the volcanic. Two analyses represent 
inherited zircons. 
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Figure 3.26. Bemborough Formation volcanic (92-294). Mean age 1840 
± 8 Ma. Striped boxes are excluded from mean ages. 
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The second sample (92-293), an altered porphyritic rhyolite lava, was taken 
from a drillhole about 9 km northwest of the previous sample; the same drillhole 
(BMR-NTGS Diamond Drillhole 10) sampled by Black (1984). It consists of 
phenocrysts of rounded and embayed quartz (35%) and altered feldspar (10%) in a 
matrix of fine quartz, chlorite, sericite and hematite. Accessory zircon and apatite are 
common, the zircons containing magma inclusions. Hydrothermal alteration produced 
numerous veins of quartz and very fine hematite. 
The zircons are typically equant to tabular, clear and colourless, and contain 
abundant mineral (melt) inclusions commonly found in felsic volcanics. The analysed 
zircons include some concentrated by Black (1981, 1984). The majority of analyses lie 
in a concordant group (Figure 3.27) with a mean age of 1845 ± 4 Ma. 
The Tomkinson Creek Subgroup immediately above the Flynn Subgroup are 
lacking in felsic igneous rocks suitable for obtaining zircon crystallisation ages. The 
only sample analysed from this area was a quartzite (92-298) taken from the Hayward 
Creek Formation, about 60 km north of Tennant Creek, to determine the maximum age 
of sedimentation and the provenance of other detrital zircon populations. It is 
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composed mainly of rounded quartz grains with a hematite stained siliceous cement and 
accessory zircon. 
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Figure 3.27. Bernborough Formation volcanic (92-293). Mean age 1845 
± 4 Ma. Striped boxes are excluded from mean ages. 
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Figure 3.28. Hayward Creek Formation quartzite (92-298). Maximum 
age 1784 ± 9 Ma (diagonally striped boxes). Ushaded boxes represent 
older populations (1823 ± 6 Ma and 1862 ± 8 Ma). Striped boxes are 
excluded from mean ages. 
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All analyses lie close to Concordia (Figure 3.28), the majority in a group which 
contains three apparent age populations (Figure 3.29). The mean ages for these 
subgroups are 1784 ± 9 Ma, 1823 ± 6 Ma, and 1862 ± 8 Ma. The oldest group, 
represented by 12 analyses, is identical in age to the main zircon population in the 
W arramunga Formation sediments, suggesting they have contributed detritus to the 
Hayward Creek quartzite. Three slightly older zircons have a mean age of 1962 ± 22 
Ma, and individual older grains range to ca 2650 Ma. The maximum age for the 
Hayward Creek quartzite is 1784 ± 9 Ma, the age of the youngest zircon population. 
Zircons of this age have not been identified elsewhere in the Tennant Creek Inlier. 
Maximum deposition age 
1784± 9 Ma. 
1700 1800 1900 
207pb/206pb Age 
2000 
Figure 3.29. Cumulative probability histogram of detri ta! zircons from the 
Hayward Creek Formation quartzite (92-298), showing several age 
populations. 
The upper units of the Churchills Head Group are similarly deficient in igneous 
rocks suitable for obtaining zircon crystallisation ages. Some of the thin siliceous 
layers within carbonate-rich sequences in the McArthur Basin, about 250 km to the 
northeast, have been shown to be crystal-rich tuffs (Page, pers com), and similar rocks 
were collected from the carbonate-rich member of the Attack Creek Formation, close to 
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the top of the Tomkinson Creek Subgroup. Although petrographic examination 
demonstrated this sample (93-862) to be a laminated leached siliceous dolostone, 
zircons were recovered and analysed in order to obtain a maximum depositional age. 
The separated zircons are clearly detrital, with rounded corners and pitted 
surfaces. 33 analyses were made on 32 of the clearer grains; U contents range from 50 
to 819 ppm, with Th/U ratios from 0.2 to 1.1, and generally low levels of common Pb. 
Most of the analyses are concordant (Figure 3.30) and four populations are present 
(Figure 3.31 ). The ages of these groups are, from oldest to youngest, 2504 ± 39 Ma, ( 4 
analyses), 1877 ± 23 Ma (5 analyses), 1818 ± 22 Ma (5 analyses) and 1749 ± 17 Ma 
(15 analyses). The youngest population represents the maximum depositional age of 
this part of the Attack Creek Formation. 
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Figure 3.30. Attack Creek Formation siltstone (93-862). Minimum 
deposition age 1749 ± 17 Ma (unshaded boxes). Stippled boxes represent 
older populations, striped boxes are excluded from mean ages. 
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Figure 3.31. Cumulative probability histogram showing age distribution 
of Attack Creek Formation siltstone (93-862) detrital zircons. 
3.3.6. Wundirgi Formation - Metamorphics 
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Two samples were obtained from drillcore from located holes about 30 km 
southwest of Tennant Creek (Figure 2) as examples of the metamorphosed basement to 
the Tennant Creek Block. These rocks are now assigned to the Wundirgi Formation, 
within the Flynn Subgroup (Donnellan et al., 1991, Donnellan et al., in prep). A large 
variety of rock-types (from amphibolite to granite) occur within this shear zone, almost 
all exhibiting mylonitic textures. 
A quartzofeldspathic schist (92-285), considered to be a sheared granite (or 
felsic porphyry), is composed of altered microcline (35%) and plagioclase (20%, up to 
4mm), quartz (30% ), foliated brown biotity (10%) and muscovite (5% ). Accessory 
minerals include titanite, zircon and apatite, and rare calcite occurs in veins up to 2mm 
wide. 
Clear pink to colourless transparent zircons up to 400 µm long are moderately 
abundant, and vary in shape from irregular equant to subhedral elongate (up to 1:4) 
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grains. Fluid and mineral inclusions occur in some grains, particularly the coarser 
examples. Euhedral growth zones are common within the elongate grains. Occasional 
rounded inherited cores are easily discernible, with the overgrowths appearing to be of 
magmatic origin. 
The majority of analyses plot in a group on or close to Concordia (Figure 3.32) 
with a mean age of 1829 ± 8 Ma. Inherited grains range up to 2700 Ma in age. 
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Figure 3.32. Wundirgi Formation (sheared granite) of the Flynn Subgroup 
(92-285). Mean age 1829 ± 8 Ma. Striped boxes are excluded from mean 
age. 
Another moderately foliated felsic schist (92-233) from the same area consists 
of equigranular recrystallised quartz (50%) with undulose extinction, potassium 
feldspar (25%, to 2mm), sericitised plagioclase (20%), chloritised biotite (5%), and 
minor muscovite. Common graphic intergrowths of quartz and feldspar suggest this 
rock was originally a granophyric felsic dyke. Apatite, zircon and vein calcite are 
accessory. 
Clear to cloudy brownish-pink to colourless subhedral zircons up to 400 µm 
long are moderately abundant. Fluid and mineral inclusions are rare. Most grains have 
thin (>20 µm) rims (too small to be analysed) which may be metamorphic overgrowths. 
The majority of analyses plot in a group on or close to Concordia (Figure 3.33) with a 
Compston, 1994 57 
mean age for 15 of these analyses of 1827 ± 9 Ma. Inherited grains range up to 2650 
Main age. 
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Figure 3.33. Wundirgi Formation meta volcanic(?) of the F1ynn Subgroup 
(92-233). Mean age 1827 ± 9 Ma. Striped boxes are excluded from mean 
age. 
It is possible these samples are both intrusive rocks, and their ages represent 
only a minimum depositional age for the Wundirgi Formation. 
3.4. U-Pb Baddeleyite Results - Dolerite 
Drillholes about 30 km southeast of the Tennant Creek townsite contain a 
diverse range of lithologies from sheared granites to amphibolite. The high 
metamorphic grade of these rocks (relative to all other rocks in the area) led to the 
assumption that they formed the basement to the Tennant Creek Inlier. This was 
supported by a Rb-Sr whole rock age of 1920 ± 60 Ma (Black, 1977) and Nd data 
which indicated a model age of -2400 Ma (Black and McCulloch, 1984). However, it 
is not supported by the U-Pb zircon analyses from this area presented above, which 
indicate the presence of felsic material aged 1827 ± 9 Ma. This is interpreted to be an 
igneous crystallisation age, rather than a metamorphic overprint. 40 Ar - 39 Ar analyses 
of micas in these rocks give an age of about 1700 Ma (see Chapter 4 ), indicating the 
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metamorphism is much younger than previously thought. Metasedimentary rocks from 
the sequence contain abundant sillimanite, indicating temperatures in excess of 550°C. 
An apparently undeformed dolerite dyke in one of the drillholes was sampled in 
the expectation that it would be the youngest intrusive rock in the Tennant Creek Inlier. 
However, it is not unusual for dolerite dykes to survive mylonitic deformation and 
associated metamorphism, with deformation being restricted to the dolerite contacts 
(Camacho, pers comm, Winkler, 1979). As this sample was collected from drillcore, 
the relationship between the dyke and the surrounding rocks is not clear. In this case, 
the deformation and alteration appears to be restricted to the uralitisation (growth of 
am phi bole) of clinopyroxene and undulose extinction of plagioclase, in contrast with 
the almost complete recyrstallisation of the surrounding rocks. 
This medium-grained dolerite (94-104) consists primarily of plagioclase and 
clinopyroxene, with minor potassium feldspar and occasional quartz (often as graphic 
intergrowths with potassium feldspar). Hornblende occurs as thin rims on the 
clinopyroxene, and as rare grains to 0.5 mm. Accessory minerals are magnetite, pyrite 
(with chalcopyrite inclusions), apatite and baddeleyite. The latter are usually contained 
in the late-crystallising felsic segregations (Plate 3.3). 
About 25 euhedral, elongate, pleochroic green-brown baddeleyite grains, up to 
150 µm in length, were recovered and mounted in epoxy; 26 analyses were made on 
eighteen grains. The data reduction procedure is documented in Appendix 2. The U 
contents of the analysed sites range from 16 to 564 ppm (referenced to a mean U 
content for the multigrain standard of 301 ppm), with Th/U ranging from 0.02 to 0.24 
and generally low levels of common Pb. The majority of analyses lie in a reasonably 
concordant group (Figure 3.34), although more scatter than can be attributed to 
analytical uncertainty is observed. A cumulative probability histogram of the data 
clearly shows two age populations (Figure 3.35); the older having a mean age of 1842 ± 
8 Ma and the younger having a mean age of 1781 ± 18 Ma. The older population is 
interpreted to represent the magmatic age of the dolerite, whereas the younger age is an 
artifact of ancient Pb-loss, probably during metamorphism. This is only a maximum 
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estimate for the age of the isotopic disturbance, as the Pb-loss is unlikely to have been 
either complete or homogeneous over the entire analysed domain, which may contain 
remnants with the original isotopic composition. One analysis (8.1) indicated an 
apparent older age of 1974 ± 63 Ma. As the analysed domain in this case contained low 
U and high common Pb (16%), this result probably has no geological significance. 
This interpretation suggests that the dolerite was intruded before the 
metamorphism (see Chapter 4), and that the U-Pb isotope systematics of many of the 
baddeleyite grains were apparently undisturbed by the effects of that metamorphism. 
The alternative interpretation, that the older population are inherited xenocrysts, is not 
supported by observable cores in the analysed grains. In a review of the behavior of 
baddelyite, Heaman and Le Cheminant (1993) argued that apparent Pb-loss in 
baddeleyite during metamorphism is the effect of surface recrystallisation to younger 
zircon and failed to mention inheritance at all. Only some of the apparently younger 
analyses here are of grains with corroded surfaces, and several pristine grains show a 
large range in apparent age. It is not apparent whether the younger age of 1781 ± 18 
Ma represents the age of metamorphism, or whether it represents the effect of partial 
Pb-loss during metamorphism which occurred at a later time. 
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Figure 3.34. Concordia diagram of Baddeleyite analyses from 
metamorphosed dolerite d)ke (94-104). Intrusion age 1842 ± 8 Ma. 
Scatter produced by Pb-loss during metamorphism. 
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Figure 3.35. Cumulative probability histogram of baddeleyite ages from a 
metamorphosed dolerite (94-104), showing two distinct populations. 
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3.5. Zircon Inheritance and Nd Modelling 
3.5.1 Introduction 
Although Archean basement was not previously considered to underlie much of 
the Early Proterozoic of northern Australia, occasional older zircons were recognised to 
have biased conventional U-Pb zircon age determinations (Page, 1988), supporting the 
models of Etheridge et al (1987) and Wybom (1988) that the Early Proterozoic terranes 
developed within Archean cratons. Inherited zircons, commonly seen as cores to 
magmatic zircons (Plate 3.4), have the effect of increasing the apparent age of 
conventionally analysed samples. This can be recognised by, for example, apparent age 
variations between different size fractions from the same sample (Page, 1988), or 
between abraded and unabraded fractions (eg Van Schmus et al, 1987). Although this 
is regarded as a problem which reduces the accuracy of many conventional analyses, 
analysis of small domains on many individual zircon grains by an ion microprobe can 
yield both an accurate estimate of the age of the sample, and valuable information 
regarding the history of the sample protolith. Xenocrystic zircons, which are easily 
identified using the ion microprobe (in conjunction with optical and electron 
microscopy), may have been incorporated by magmas either during the partial melting 
of their source regions, or incorporated from the wall-rocks during upward magma 
migration, and provide important evidence of older felsic crust. 
During the course of collecting the U-Pb data necessary for establishing the 
magmatic ages of the Tennant Creek samples (presented above), inherited zircons in 
many samples were also analysed. For the purposes of this discussion, inherited 
zircons are those for which the 207pb/206pb age is statistically distinct from and 
exceeds the magmatic age. In some cases, these analyses are only about 40 Ma older 
than the magmatic age. The age distribution of these zircons provide valuable 
constraints on the interpretation of the published Nd data for the Tennant Creek area. 
r· 
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Plate 3.3. Baddeleyite in quartz segregation 
in dolerite dyke. 
Plate 3.4 ~ Zircon inheritance in Tenn.ant 
Creek Granite. 
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3.5.2. Analytical Results 
From a total of 94 inherited zircons from the Tennant Creek Inlier (tabulated in 
Appendix 3), the majority are aged between 2500 Ma and 1900 Ma old; the remaining 
few grains are of Archean age (Figure 3.36). Rocks of these ages are not common in 
northern Australia (Page, 1988). Those analyses with ages around 1900 - 2000 Ma are 
equivalent to subordinate detrital populations in the greywacke samples, which are 
derived from rocks not presently exposed in the area. There are significant 
concentrations of concordant zircons aged around 2200, 2350, 2500 and 2600 Ma, 
which can only be interpreted as evidence for the existence of rocks of these ages. The 
well defined spectral peaks (Figure 3.37) indicate that the age distribution is not simply 
a product of variable Pb-loss from a single Archean population. This definition is 
enhanced by the exclusion of analyses which are greater than 5% discordant, but is also 
prominent when all the data are plotted in this manner. Those discordant analyses (not 
shown on Figure 3.37) which lie between the well defined groups may represent zircons 
which have experienced ancient Pb-loss, perhaps during their entrainment in the -1850 
Ma magmas. Analyses of overgrowths to the xenocrysts were not often made, but 
usually yielded the same crystallisation age as the host rock. 
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Figure 3.36. Concordia diagram of all analyses of xenocrystic zircons 
from the Tennant Creek Inlier. 
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Figure 3.37. Cumulative probability histogram of concordant(> 95 % ) 
analyses of inherited zircons from the Tennant Creek Inlier, N.T. 1900 
Ma used as lower age limit for inheritance. 
3.5.3. Published Nd Data from the Tennant Creek Inlier 
63 
Nd data are available for samples of the Tennant Creek Granite, the 
Bernborough Formation volcanics and an amphibolite from the Wundirgi Formation 
(Black and McCulloch, 1984). The initial tNd values for felsic magmatic rocks from 
the Tennant Creek Inlier, of -3.l and -3.4, are more negative than those for most of the 
Australian Early Proterozoic, and were interpreted as the result of minor contamination 
by Archean rocks (McCulloch, 1987). Three separate analyses of an amphibolite 
collected from a drillhole about 30 km southwest of Tennant Creek township, and 
thought to represent Archean basement to the Tennant Creek Inlier (Black, 1977, Black 
and McCulloch, 1984), yield initial tNd values of -2.9 to -5.0, assuming that its age is 
1920 Ma (Black, 1977). U-Pb zircon or baddeleyite analyses presented above, 
however, of three other lithologies (all metamorphosed) from the same drillholes 
indicate ages of 1827 ± 8 Ma, 1829 ± 9 Ma and 1842 ± 8 Ma and K-Ar and 40Ar/39Ar 
analyses of metamorphic micas suggest an age of around 1700 Ma for the 
metamorphism. These data, when considered with the mylonitic fabric of the rocks and 
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the Rb-Sr and Nd data, suggest that the samples were collected from a large shear zone 
which contains material of several different ages, perhaps including some from the late 
Archean. On a cautionary note, if the Sm/Nd ratio of the amphibolite was modified 
during metamorphism (as suggested by its observed isotopic variation), the E'Nd values 
will be incorrect. 
Table 3.1 summarises the Nd model ages calculated for the Tennant Creek data, 
and illustrates the differences in model age calculated using different depleted mantle 
models. The two-stage model used by McCulloch (1987) generates ages significantly 
younger than those from alternative models. Using a linear model (Goldstein et al, 
1984), the protoliths of the Tennant Creek Inlier have model ages of 2500 - 2700 Ma, 
and would be considered of Archean age, or to contain a significant proportion of 
Archean age material. The use of this model for the Australian data appears to have 
been discouraged by the fact that Archean crust is rarely seen in relation to Early 
Proterozoic rocks in Australia, and the outcrops nearest to the Tennant Creek Inlier of 
confirmed Archean rocks are over 1000 km to the north, in the Pine Creek Inlier. The 
more complex model of DePaolo (1981) yields intermediate ages of about 2.4 - 2.6 Ga. 
Table 3.1. Recalculated initial E'Nct and Nd model ages for Tennant Creek samples 
(data from Black and McCulloch, 1984, McCulloch, 1987). 
E'Nd NdAge Nd NdAge Sample Rock Type T (atT) McCulloc Age Goldstei 
Age (Ma) h, 1987 DePaolo, n, 1984 
1981 
78063318 Tennant 1850* -3.6 2340 2470 2610 
Creek 
Granite 
75063317 Bernborough 1845* -3.3 2340 2470 2620 
volcanic 
73063284A amphibolite 1920** -5.0 2500 2650 2790 
73063284B amphibolite 1920** -2.9 2270 2360 2480 
73063284C amphibolite 1920** -4.3 2450 2590 2740 
• = U-Pb magmatic zircon age (this work), •• =Rb-Sr whole rock age (Black, 1977) 
The worldwide rapid evolution of Early Proterozoic orogenic belts between 
1900 and 1700 Ma is well known (eg Nelson et al, 1985, Hoffman, 1988), and a review 
of the literature by Patchett (1992) summarises the wide range of published initial E'Nct 
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values (from about +5 to -5) that have been obtained from such regions. The 
hypotheses advanced to account for this range are illustrated in Figure 3.38, and are 
either mixing of different proportions of juvenile and older components within each 
terrane (eg Patchett and Bridgwater, 1984), or a prior crustal residence for the protolith 
(eg McCulloch, 1987), or a combination of these processes (McCulloch, 1987). The 
range in "depleted mantle" models is indicated, and demonstrates how sensitive the 
model ages are to these models. 
15 
10 
Older Protolith 
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Depleted Mantle 
1.5 1.0 
Figure 3.38 Interpretations of 1.8 Ga Nd data (modified after Patchett and 
Arndt, 1986). Initial £Nd values in the range 0 to -5 are interpreted either 
as reworked older crust, or as a mixture of juvenile and Archean crust. 
McCulloch (1987) noted the general consistency of Nd model ages (or initial 
ENct values) for the northern Australian Early Proterozoic, with the exception of the 
Tennant Creek area, and concluded that the mafic protolith of most of these rocks 
separated from the mantle about 300 - 400 Ma prior to their emplacement into (or onto) 
the upper crust, ie. at around 2300-2200 Ma. This corresponds to initial £Nd values in 
the range -1.6 to -2.7 and assumes the older homogeneous protolith was reworked at 
about 1900 -1800 Ma, during the development of the Early Proterozoic orogenic belts. 
The more negative initial £Nd values from the Tennant Creek Inlier were interpreted as 
"contamination" by Archean crust (McCulloch, 1987). 
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3.5.4. Implications 
The depleted mantle model proposed by McCulloch (1987) significantly 
underestimates the involvement of Archean protoliths in the genesis of the Tennant 
Creek Block, a conclusion supported by the occurrence of Archean aged zircons in 
many of the magmatic rocks in the area. In that model, Tennant Creek is one of only 
two Early Proterozoic terranes in Australia in which felsic magmatism contains an 
Archean component, and that component is considered to be volumetrically minor. 
A speculative model for the evolution of the Tennant Creek Inlier is presented in 
Figure 3.39. Although it is unlikely that all of the inherited zircon populations from 
that area represent a time of production of new continental crust (as such diagrams 
imply), it emphasises that a more geologically meaningful image of the unexposed crust 
is provided by analyses of inherited zircons than is available from Nd modelling alone. 
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Figure 3.39. Possible evolution of Tennant Creek protoliths, suggested 
by the age distribution of the xenocyrstic zircons. 
The Nd data provides a useful constraint on the interpretation of the inherited 
zircon population, which, like the Nd data, does not permit a unique interpretation. The 
age of the protoliths depend on the depleted mantle model which is used in their 
calculation. It is possible that the Tennant Creek protoliths are entirely of Archean age, 
as suggested by the model age derived from the model of Goldstein et al (1984). In this 
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case all the younger zircons are derived from felsic material within the crust, which is 
likely to be the products of crustal anatexis. As a consequence, the inherited zircons 
probably represent thermal events rather than additions to the crust. An alternative is 
that the younger zircons do represent truly younger protoliths and there has been 
mixing between these and Archean aged sources. 
3.5.5. Conclusion 
The U-Pb age data for this suite of inherited zircons indicate that the lower crust 
in the Tennant Creek Inlier has a more complicated history than has been· previously 
recognised. It is now clear that zircon formation, most likely related to igneous 
activity, occurred at relatively regular intervals between 2700 Ma and 2000 Ma, and 
that at least some of this involved reworking of older, Archean cmst The existence of 
zircons of these ages implies that they, in turn, have crustal rather than mantle sources, 
as zircons are rarely present in primary mantle-derived magmas. The presence of some 
Archean zircons suggests that a proportion, at least, of Archean age rocks are 
incorporated in the source region. 
MCCulloch (1987) recognised that a small amount of Archean crust (of unstated 
age) was a likely contaminant within an Early Proterozoic source region (ca 2200 Ma) 
for the Tennant Creek Inlier. However, based on the Nd data alone, it was not possible 
to specify the age(s) of the protoliths. 
It is well known that the Nd model ages of granites commonly represent the 
weighted average of juvenile and older crustal components (eg Arndt and Goldstein, 
1987). Here, using the combined Nd and U-Pb zircon characteristics, we are able to 
demonstrate the complexity of the crustal age structure. 
Inherited zircons from the Early Proterozoic Broken Hill Inlier (Page and Laing, 
1992) and Coen Inlier (Black and Withnall, 1993) also indicate Archean components 
within their igneous source regions, and it is likely that such crustal complexity will he 
identified elsewhere, as the investigation of zircon inheritance becomes more common. 
Neither the Nd model age method, nor analysis of inherited zircons, give an 
unambiguous indication of the time of separation of new crust from the mantle. 
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3.6. Discussion 
Many of the problems encountered in the past by both whole-rock methods and 
multigrain conventional zircon analysis have been circumvented in the present 
investigation. Analysis of xenocrystic cores to the magmatic zircons indicates a more 
complex basement to the Tennant Creek Inlier than was previously known, and analysis 
of detrital zircons documents the deposition of older rocks than are currently exposed. 
The development of the Tennant Creek Block is summarised in Figures 3.40 and 
3.41. The new isotopic data indicates, at least in the Tennant Creek Block, that the 
Barramundi Orogeny was a short-lived event over a time interval of no more than 20 
Ma. The new data presented here provides an independent confirmation of the 
stratigraphic reclassification of Donnellan et al (in prep) . 
Barramundi Orogeny ......._____ 
. ::::: 
........ : .. : . · ..................... ":. ·:::::::::::::·... . . .. : . •,;.": ........... ::::::-::-: .. . 
1650 1750 1850 1950 
207pb/206pb Ages 
Figure 3 . .40. Summary cumulative probability histogram of the Tennant 
Creek Inlier, showing subordinate detrital populations in the Warramunga 
Formation greywackes and detrital ages of the Tomkinson Creek 
Subgroup. 
In brief, the Warramunga Formation turbidites are the oldest exposed rocks in 
the Tennant Creek Inler. These were deformed and intruded by granites at about 1850 
Ma and overlain by the felsic volcanics and sediments of the Flynn Subgroup from 
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about 1845 to perhaps 1830 Ma. Granites, felsic porphyries, dolerites and gabbros also 
intruded during this period. Mafic dykes provide a minimum age constraint for the 
Flynn Subgroup of 1821 ± 7 Ma. Clastic sediments of the Tomkinson Creek Subgroup 
were deposited until at least about 17 50 Ma. Further magmatism in the form of the 
Gosse River East granite, lamprophyre dykes and perhaps the "Warrego" granite 
occurred at about 1700 Ma. 
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Figure 3.41. Summary of U-Pb zircon ages (95% confidence limits 
from the Tennant Creek Inlier. Shaded area represents the ag 
constraints of the Barrumundi Orogeny deformation. 
Close examination of the data shows that many of the samples have been 
affected to some degree by ancient Pb-loss. The use of cumulative probability 
histograms provides visual evidence of this phenomenon. In some cases, such as the 
baddeleyite from the metamorphosed dolerite, this Pb-loss is quite significant and easily 
distinguished from undisturbed zircons, whereas in others it is more subtle. In 
circumstances where the degree of disturbance is small, empilical procedures based on 
visual estimates and simple statistical evaluations are difficult to justify, and an age is 
reported which includes more than analytical scatter. 
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Table 3.2. Summary of SHRIMP U-Pb ages from the Tennant Creek area. 
Sample ANU Zircon Age (Ma) 
number (95% confidence) 
White Devil grevwacke 92-295 max 1861±7 
Eldorado grevwacke 92-296 max 1859 ± 13 
Gecko mine tuff 92-297 1862 ± 9 
Eldorado mineralisation 92-299 max 1861±11 
Mumbilla Granodiorite 92-219 1850 ± 6 
Tennant Creek Granite (nth) 92-227 1848 ± 7 
Tennant Creek Granite (sth) 90-407 1858 ± 12 
Tennant Creek Granite at Red Bluff 90-408 1853 ± 10 
Tennant Creek Granite at Red Bluff 92-287 1849 ± 7 
(west) 
Cabbage Gum Granite 92-288 1848 ± 7 
Porohyry at White Devil mine 92-292 1853 ± 8 
Porphyry at Peko smelter 94-105 1848 ± 8 
Gab bro 93-861 1841±6 
Monzodiorite 93-863 1821±7 
Dolerite 92-286 1858±9 
Lamprophvre 92-224 1685 ± 15 (?) 
Channingum Granite 92-289 1840±9 
"Warrego" granite 92-218 ca 1645 or ca 1805 
Gosse River East granite 93-709 1712±5 
Porohvrv at Jubilee area 92-291 1838 ± 9 
Bemborough Formation 92-294 1840 ± 8 
Bemborough Formation 92-293 1845 ± 4 
Hayward Creek Formation quartzite 92-298 max 1784±7 
Attack Creek Formation siltstone 93-862 max1749±17 
Wundirgi Formation (?granite) 92-233 1827±9 
Wundirgi Formation (?dyke) 92-285 1829 ± 8 
Dolerite dyke* 94-104 1842 ± 8 
* = baddeleyite analyses 
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4. K-Ar and 40Ar_39Ar Mica Geochronology 
4.1. Introduction 
Muscovite and sericite are components of the alteration assemblages associated 
with the formation of both the ironstone lodes and the gold-copper-bismuth 
mineralisation. Any attempt to establish the formation age of the ironstone lodes and 
the ore deposits by dating these minerals is dependent on understanding the thermal 
history of the area. Hydrous minerals such as muscovite, biotite and hornblende 
undergo dehydration-related phase transformations during Ar extraction procedures 
(McDougall and Harrison, 1988, Lee et al, 1991 ), which limits the interpretation of 
"plateau"-like and disturbed age spectra. It is therefore important to select the least 
disturbed (if not undisturbed) samples available. 
In order to assess the potential disturbance of the K-Ar isotope system, widely 
spaced samples were analysed by conventional K-Ar techniques. Unfortunately, most 
of the granitic rocks in the Tennant Creek region have experienced considerable 
alteration, especially of biotite to chlorite, which has precluded the direct definition of 
their post-intrusive cooling history. Further K-Ar analyses were undertaken in order to 
constrain the ages of the lamprophyre dykes, the metamorphism within the shear zone, 
and the "Warrego granite'', all known from the U-Pb zircon analyses to be among the 
youngest in the region. The results from these show that the younger magmatism and 
deformation occurred at about 1700 Ma. 
Historically, muscovite associated with the mineralisation has been used as an 
indicator of "high-grade" gold ore in some deposits (eg Yates and Robinson, 1990), and 
the successful application of the 40Ar-39Ar technique to this mineral should provide a 
direct constraint on the age of the mineralisation. Two generations of muscovite are 
recognised; the older variety (Tl) occurs as fine (generally < 250 µm) tabular flakes 
disseminated through foliated early chlorite and is usually oriented in the plane of the 
SI cleavage, whereas the younger variety (T2) is coarser (up to 5 mm) and commonly 
forms veins, often with quartz, chlorite (late) or sulphides. The two generations are 
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paragenetically related to different stages in the evolution of mineralisation; Tl is 
associated with the formation of the ironstones wheras T2 is associated with the (later) 
mineralising stage. T2 muscovite is more prominent in the deposits around and 
including the Nobles Nob mine, than in the currently worked White Devil mine. It is 
readily separated from the earlier Tl variety in samples from these deposits. 40 Ar-39 Ar 
determinations indicate that both varieties are indistinguishable in age at about 1825 
Ma 
4.2. Analytical techniques 
Samples were collected from sites blasted during geochemical sampling in the 
1970s, from drill core, or from underground or surface (open-pit) exposures of the 
mineralisation. Care was taken to collect samples veined with the coarse T2 muscovite. 
Sample localities are shown on Figure 4.1 and listed in Appendix I. Muscovite and 
biotite were separated from 250- 180 and 180 - 125 µm sieve fractions of crushed fresh 
rock using heavy liquids, magnetic separation and a dry panning technique which 
exploits the platy and electrostatic properties of micas to separate them from granular 
contaminants (see Appendix 2 for details). Although visual estimates indicate that 
sample purity approached 99%, except for chloritic alteration of biotite, inclusions of 
chlorite, epidote, hematite and magnetite were observed in muscovite in many of the 
mineralised samples. 
4.2.1. K-Ar Analyses 
Small aliquots (0.03 - 0.06 g) of the mineral separates were dissolved and 
analysed in duplicate for potassium by flame photometry. A minimum coefficient of 
variation of 0. 7% for the duplicate analyses was used in the age calculation, reflecting 
the long-term precision of potassium analyses, even though individual samples were 
frequently in better agreement (Table 4.1). Smaller aliquots of the samples (-0.02 g) 
were weighed into degassed molybdenum buckets, and Ar was extracted at - l 300°C in 
vacuo using a radio frequency heater. After spiking with 38 Ar, the gas was purified 
over Cu and Ti getters, and argon isotopic analyses were carried out using an AEI 
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Figure 4.1. Simplified geology of the Tennant Creek Block (after Donnellan et al, in 
prep), showing K-Ar and 40 Ar - 39 Ar sample localities. 
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MSlO mass spectrometer in the static mode. See McDougall (1985) for a detailed 
description of the technique. 
4.2.2. 40Ar.39Ar Analyses 
The 40 Ar-39 Ar methodology used here is described by McDougall and Harrison 
(1988). Weighed mica samples were packed into cylindrical aluminium canisters 
which were stacked axially within an aluminium irradiation vessel. Flux monitors 
(biotite GA-1550, age = 97.9 ± 0.9 Ma, McDougall and Roksandic, 1974) were 
included within each sample. Cadmium shielding (0.2 mm thick) was used to reduce 
the thermal neutron flux experienced by the sample. The samples were irradiated in 2 
batches for 548 hours each in the X34 position of the Australian Nuclear Science and 
Technology Organisation's HIFAR reactor, and their orientation reversed after 264 
hours to minimise flux gradients between the samples (one sample was affected by an 
unscheduled reactor shut-down). The long irradiation period was required to generate 
sufficient 39 Ar from 39K to enable precise determination of the 40 Ar-39 Ar ratios. 
After the irradiation, the samples were loaded into a vacuum line attached to a 
double-vacuum resistance heating furnace for gas extraction. A small aliquot (-1.0 mg) 
was fused in one step both as a check against the K-Ar analysis and to estimate the 
potential gas yield during the subsequent step-heating experiments. After extraction 
and purification with Zr-Al getters, the gas was isotopically analysed on a VG Isotopes 
MM1200 mass spectrometer operating in static mode. The results of each gas 
extraction step were corrected for line blanks (generally trivial, at -4.5 x lQ-14 moles 
STP of 40Ar, -2.2 x 10-16 moles STP of 39Ar, -3.0 x 10-16 moles STP of 38Ar, -8.0 x 
10-17 moles STP of 37 Ar, -2.0 x 10-18 moles STP of 36Ar at 1000°C), Ca-derived 36Ar 
and 39Ar and K-derived 40Ar. 
Apparent ages and errors are calculated according to the formulae of McDougall 
and Harrison (1988) and Dalrymple et al. (1981) using the decay constants 
recommended by Steiger and Jager (1977). Most of the age spectra do not satisfy the 
criteria suggested by Mcintyre (1963), Dalrymple and Lanphere (1969) and Fleck et al. 
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(1977) for defined age plateaux, in part because of high precision on individual 
analyses. 
4.3. Results 
4.3.1. Introduction 
Mass spectrometric results and apparent ages of the K-Ar samples are listed in 
Table 4.1. The 40 Ar-39 Ar data, summarised in Table 4.2, are listed in Appendix 3. K-
Ar and 40Ar_39 Ar age errors are reported as 2cr throughout the following discussion. 
As can be seen in Table 4.1, there is a range in K-Ar apparent ages from 1854 ± 38 Ma 
to 1614 ± 33 Ma, reflecting both the occurrence of igneous activity at different times, 
and the disturbance of older samples by younger events (including alteration). A 
summary of the results is shown in Figure 4.2. 
4.3.2. Igneous and Metamorphic Ages 
Micas from the ca 1850 Ma Tennant Creek Granite and the Mumbilla 
Granodiorite (Figure 4.2) were analysed to ascertain the regional post-intrusion cooling 
rate. Samples appropriate for this purpose were few because of pervasive chloritic 
alteration of biotite in these granites. Apparent K-Ar ages from primary biotite (92-
219B) and secondary muscovite (92-219A) from the Mumbilla Granodiorite, 45 km 
southeast of Tennant Creek, are indistinguishable within error at 1803 ± 38 and 1811 ± 
41 Ma respectively; these are also systematically younger than but within error of the 
U-Pb zircon age of 1850 ± 6 Ma. These samples did not provide useful 40Ar-39Ar 
spectra because of the low K-contents of the separated biotite. (The analytical data 
from a step-heat experiment on 92-219B is listed in Appendix 3.) Secondary 
muscovite from the Mumbilla Granodiorite has an irregular 40Ar-39Ar apparent age 
spectrum (Figure 4.3). 
The K-Ar age of 1746 ± 37 Ma for biotite from the Tennant Creek Granite (92-
227), 30 km north of Tennant Creek townsite, is significantly younger than the granite's 
zircon age of 1848 ± 7 Ma and is considered to reflect the effect of a younger, 
previously unrecognised reheating event. 
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Figure 4.2. Simplified geology of the Tennant Creek Block (after Donnellan et al, in 
prep), showing K-Ar results (without errors). Note the oldest ages are concentrated 
around the Nobles Nob mine. 
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Figure 4.3. 40 Ar - 39 Ar age spectrum for secondary muscovite from the 
Mumbilla Granodiorite, Sample 92-219. Integrated age= 1750 ± 4 Ma (2cr) 
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K-Ar apparent ages for muscovite from the "Warrego granite" (92-218, 92-226), 
45 km northwest of Tennant Creek, and the nearby Warrego copper-gold deposit (92-
220) are indistinguishable at around 1700 Ma. Muscovite from the "Warrego granite" 
(92-218) has a flat uniform apparent age spectrum (Figure 4.4). The steps between 880 
and 1040°C, containing 52% of the released 39 Ar, define a plateau at 1677 ± 4 Ma, 
indistinguishable from the K-Ar ages. This plateau is considered to represent the post-
intrusion cooling age, and is probably equivalent to the emplacement age. 
Biotite and muscovite from the similar Devil's Marbles Granite (93-730), 
intruding the Hatches Creek Group some 110 km south of Tennant Creek, have similar 
K-Ar apparent ages to the "Warrego granite"; 1680 ± 35 and 1701 ± 35 Ma, 
respectively. 
Biotite from two samples of a Jamprophyre (minette) dyke from drillcore of the 
Explorer 50 prospect, 15 km west of Tennant Creek, was expected to record the 
youngest apparent ages in the area, based on field relations. Apparent K-Ar ages of 
1614 ± 33 and 1690 ± 35 Ma (92-224 and 92-223 respectively) confirm this prediction. 
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The younger age was obtained from a more altered sample than the older; the latter is 
identical to the mean age of -1685 Ma obtained from a zircon extracted from 92-224. 
1690 ± 35 Ma is considered to represent the post-intrusion cooling age. 
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Figure 4.4. 40 Ar - 39 Ar age spectrum for muscovite from the Warrego 
Granite, Tennant Creek, N.T., Sample 92-218. Integrated age = 1670 ± 4 
Ma (2cr) 
Biotite separated from a small gabbroic intrusion (93-861) in the Mumbilla 
Granodiorite has a K-Ar apparent age of 1789 ± 38 Ma, somewhat younger than the 
zircon age of 1839 ± 6 Ma. 
The amphibolite grade Wundirgi Formation is known only from drillholes 
located about 30 km southwest of Tennant Creek. Metamorphic muscovite (92-222 
and 92-233) and biotite (92-231) from sheared granite and felsic porphyry dykes have 
similar apparent K-Ar ages of 1709 ± 35, 1712 ± 48 and 1713 ± 35 Ma, respectively. 
The 40Ar-39Ar apparent age spectrum (Figure 4.5) for metamorphic muscovite from 
92-222 is somewhat irregular, but broadly flat, with an apparent age of - 1700 Ma. 
In summary, these results indicate that both magmatism and metamorphism 
occurred at about 1700 Ma. 
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Figure 4.5. 40Ar - 39 Ar age spectrum for metamorphic muscovite from the 
Wundirgi Formation, Sample 92-222. Integrated age= 1697 ± 4 Ma (2cr) 
4.3.3. Mineralisation Ages 
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Fourteen muscovite samples from mineralised ironstones and one apparently 
unmineralised ironstone, were analysed by the K-Ar technique. 40Ar_39Ar step-heating 
experiments were carried out on 10 of these. 
The oldest apparent K-Ar ages for secondary muscovites were obtained from the 
Juno (92-555, 92-556), Argo (92-557), Peko (92-559) and Nobles Nob (92-560, 92-
561) deposits, about 5 - 15 km southeast to east of Tennant Creek. Separates of both 
the ironstone-related (Tl) and mineralisation-related (T2) muscovite were obtained 
from the Juno and Nobles Nob deposits. The apparent K-Ar ages from these samples 
are indistinguishable in the range 1820 ± 37 to 1854 ± 38 Ma (Table 4.1), and the 
muscovites yield similar 40Ar_39Ar apparent age spectra (Figures 4.6- 4.9). Somewhat 
high apparent ages of the low temperature steps are a common feature, and each sample 
then stabilises into a uniform, plateau-like spectrum; in one case (92-556) a defined 
plateau at 1829 ± 4 Ma is achieved. The apparent ages of the other 5 plateau-like 
spectra are indistinguishable at 1825 ± 4 Ma. These concordant results, from 6 
samples, are considered to represent the best constraint on the age of the mineralisation. 
The two varieties of muscovite are equal in age, within error, and their age spectra are 
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Figure 4.6. 40 Ar - 39 Ar age spectra for hydrothermal muscovite from the 
Juno deposit, Samples 92-555, 92-556. Integrated ages= 1831 ± 4 and 
1825 ± 4 Ma (2cr) respectively. 
1900 
' - 1850 
--....~~~'==F====~~~===4 
Plateau Age 1829 ± 4 Ma 
1900 IL, 1850 ' 
1800 -1800 
';? 1750 -1750 
::;;: 
~ 1700 -1700 
OJ) 
<: 1650 el650 
1600 -1600 
1550 e1550 
1500 -1500 
1450 -1-'-~,...--,..~-.--~....,.-~..,..-~,---,..~-.,-~-.-~+1450 
0.0 0.2 0.4 0.6 0."8 1.0 
Fraction 39 Ar released 
Figure 4.7. 40 Ar/39 Ar Age spectrum for hydrothermal muscovite from the 
Argo mine, Sample 92-557. Integrated age= 1826 ± 4 Ma (2cr) 
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Figure 4.8. 40 Art39 Ar Age spectrum for hydrothermal mnscovite from the 
Peko mine, Sample 92-559. Integrated age= 1826 ± 5 Ma (2cr) 
'"2 
1900-
1850 
1800 
1750 
6 1700-
~ 1650-
1600-
1550 
1500. 
-
1900 
Apparent Age 1826 Ma 
- -1850 
'--L--c=:;~'l'"""""'=----------=-1'!,.,,,q 
= Muscovite related to ironstone 
,,,,,,,, Muscovite related to mineralisation 
1800 
-1750 
1700 
1650 
1600 
1550 
1500 
1450-t'--~..----,-~--.-~--.-~-,-~..-----..~--.-~-.-~+1450 
0.0 0.2 0.4 0.6 0.8 1.0 
Fraction 39 Ar released 
Figure 4.9. 40 Ar - 39 Ar age spectra of hydrothermal muscovite from the 
Nobles Nob deposit, Samples 92-560, 92-561. Integrated ages = 1823 ± 3 
and 1822 ± 3 Ma (2cr) respectively. 
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essentially identical. The elevated ages for the low temperature steps of these 
muscovites are associated with high Ca/K values (Appendix 3), suggesting that mineral 
phases other than muscovite may be releasing Ar in these steps. 
A muscovite sample from the Warrego mine (92-220) has an apparent K-Ar age 
of 1716 ± 36 Ma, much younger than the ages obtained from other deposits. This is 
consistent with the field observations that the Warrego deposit has been contact 
metamorphosed by the adjacent "Warrego granite", which has a similar age. 
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Figure 4.10. Disturbed 40 Ar - 39 Ar age spectra for hydrothermal muscovite 
from the White Devil mine, (92-292 is Type 2 muscovite from the White 
Devil Porphyry, others are Type 1 muscovite from mineralised ironstone.) 
About 10 km east of Warrego, three samples from the White Devil mine (92-
228, 92-229 and 92-292) have apparent K-Ar ages of 1784 ± 37, 1744 ± 36 and 1723 ± 
36 Ma. The 40Ar-39Ar age spectra for samples 92-228 and 92-229 (Figure 4.10), 
separated from the ironstone alteration assemblage, do not exhibit well-defined 
plateaux, but instead are somewhat saddle-shaped, with apparent age minima at -1760 
and -1770 Ma respectively. Muscovite petrographically similar to that related to the 
gold mineralisation, but separated from an altered quartz-feldspar porphyry dyke (92-
292) that intersects the White Devil deposit, yields a different 40Ar_39Ar apparent age 
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spectrum (Figure 4.10) which steadily increases in apparent age to a maximum of 1757 
Ma, before the final 2% of the gas is released. This age spectrum is not considered to 
have geological significance. Why this sample is more obviously disturbed than the 
others, apparently older, from the same deposit, is not clear; perhaps there may be a 
difference in the relative retentivity for Ar in the paragenetically different muscovites. 
Assuming that all the Tennant Creek mineralisation is the same age, then 
muscovite from the TC8 deposit, close to the Tennant Creek township, which has an 
apparent K-Ar age of 1777 ± 36 Ma, has also been isotopically disturbed. 
Three samples from the Eldorado deposit (92-221, 92-232 and 92-247), 10 km 
south of Tennant Creek, have apparent K-Ar ages of 1827 ± 38, 1829 ± 38 and 1822 ± 
38 Ma, respectively, concordant with the results from the 6 samples from around 
Nobles Nob. However, sample 92-221 also has a somewhat discordant and slightly 
saddle-shaped 40 Ar-39 Ar apparent age spectrum (Figure 4.11). Although the minimum 
apparent age is -1780 Ma is in good agreement with the total fusion 40Ar-39Ar 
apparent age of 1783 ± 10 Ma, it is likely these samples have also been isotopically 
disturbed, although it is not clear why the K-Ar and 40Ar-39 Ar ages do not agree. 
Metamorphic biotite (92-230), obtained from an apparently unmineralised 
ironstone a few kilometers east of the White Devil deposit, has a K-Ar age of 1705 ± 
35 Ma. This sample, on the basis of its low age, is considered to have been disturbed 
by a nearby thermal anomaly, the nature of which is not known. The presence of 
biotite, which is usually absent in Warramunga Formation rocks (host to most of the 
ironstones and mineralisation), is further evidence that this ironstone has been affected 
by higher than usual temperatures for the Tennant Creek mineralisation. 
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Table 4.1. K-Ar data and apparent ages of muscovite and biotite from the Tennant 
Creek Block. 
Sample Lithology Kl 40Ar* 40Ar* Age 
(wt. %) x 10·8 mol g·l %2 Ma±2cr 
STP 
92-219 (M)# Mumbilla Granite 6.85, 6.79 3.688 87.1 1811±38 
92-219 (B)# Mumbilla Granite 4.41, 4.39 2.364 95.0 1803 ± 41 
92-227 (B) Tennant Creek Gr. 5.30, 5.35 2.713 99.7 1747 ± 36 
92-218 (M)# Warrego Granite 8.66, 8.61 4.269 99.9 1710±35 
92-226 (M) Warrego Granite 8.49, 8.41 4.079 99.5 1684 ± 35 
93-730 (B) Devils Marbles Gr 5.15, 5.18 2.485 99.5 1680± 35 
93-730 (M) Devils Marbles Gr 8.16, 8.17 4.012 98.6 1701±35 
92-223 (B) Lamprophyre 7.76, 7.78 3.770 99.4 1690 ± 35 
92-224 (B) Lamprophyre 5.50, 5.53 2.496 99.5 1614 ± 33 
93-861 (B) Gab bro 5.99, 5.99 3.177 98.1 1789 ± 38 
92-222 (M)# Wundirgi Fm 8.59, 8.65 4.259 99.5 1709 ± 35 
92-231 (B) Wundirgi Fm 7.99, 7.92 3.943 99.6 1713 ± 35 
92-233 (M) Wundirgi Fm 7.28, 7.29 3.585 99.3 1712 ± 48 
92-221 (Tl)# Eldorado mine 8.68, 8.62 4.747 96.1 1827 ± 38 
92-232 (Tl) Eldorado mine 8.83, 8.82 4.552 99.9 1829 ± 38 
92-247 (Tl) Eldorado mine 8.39, 8.31 4.562 99.3 1822 ± 38 
92-220 (Tl) Warrego mine 8.37, 8.33 4.150 96.6 1716±36 
92-228 (Tl)# White Devil mine 8.33, 8.34 4.388 99.7 1784 ± 37 
92-229 (Tl)# White Devil mine 8.64, 8.63 4.404 99.7 1744± 36 
92-292 (T2)# White Devil mine 8.60, 8.56 4.302 99.5 1723 ± 36 
92-230 (B) Barren Fe-stone 5.63, 5.63 2.772 99.3 1705±35 
92-555 (T2)# Juno mine 8.59, 8.55 4.671 99.0 1820 ± 37 
92-556 (Tl)# Juno mine 8.55, 8.56 4.774 99.9 1847±38 
92-557 (T2)# Argo mine 8.29, 8.29 4.540 100.0 1825 ± 37 
92-558 (T2) TC8 mine 8.95, 8.97 4.703 99.9 1777 ± 36 
92-559 (T2)# Pekomine 8.55, 8.50 4.786 99.5 1854 ± 38 
92-560 (Tl)# Nobles Nob mine 8.43, 8.42 4.682 99.6 1842 ± 38 
92-561 (T2)# Nobles Nob mine 8.57, 8.59 4.808 99.1 1851 ±38 
Notes: 
# = also analysed by 40 Ar - 39 Ar technique 
1. Duplicate analyses. 
2. Radiogenic 40 Ar as percentage of total 40 Ar. 
3. U-Pb ages determined by ion microprobe. 
Abbreviations: M =muscovite, Tl = ironstone-related muscovite, T2 = mineralisation-
related muscovite, B = biotite, H = hornblende 
A.e+ A.'e = 0.581x10-lOa-l; A.~= 4.962 x 10-lOa-l; 40KfK = 1.167 x 10-4 mo! moJ-1. 
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Figure 4.11. Disturbed 40 Ar - 39 Ar Age spectrum for hydrothermal 
muscovite from the Eldorado mine, Sample 92-221. Integrated age= 1787 
± 3 Ma (2cr). 
Table 4.2. Summary of 40 Ar - 39 Ar and K - Ar ages from the Tennant Creek Block. 
Sample Lithology Plateau Integrated Total K-Ar Age 
Age± 2cr Age± 2cr Fusion Ma±2cr 
Age± 2cr 
92-219 (M) Mumbilla Granite 1750±4 1763 ±4 1811 ±38 
92-219 (B) Mumbilla Granite 1773±4 1782 ± 8 1803±41 
92-218 (M) Warrego Granite 1677 ± 4 1670±4 1664 ± 4 1710 ± 35 
92-222 (M) WundirgiFm 1697 ± 4 1699 ± 3 1709 ± 35 
92-221 (Tl) Eldorado mine 1787 ± 3 1783 ± 11 1827 ± 38 
92-228 (Tl) White Devil mine 1771 ±3 1772 ± 3 1784±37 
92-229 (Tl) White Devil mine 1784±4 1785 ±4 1744±36 
92-292 (T2) White Devil mine 1708±4 1713 ± 3 1723 ± 36 
92-555 (T2) Juno mine 1831±4 1827 ± 4 1820 ± 37 
92-556 (Tl) Juno mine 1825 ± 3 1823 ± 1 1847 ± 38 
92-557 (T2) Argo mine 1829 ± 4 1826 ± 4 1827 ± 2 1825 ± 37 
92-559 (T2) Peko mine 1826± 5 1819 ± 3 1854 ± 38 
92-560 (Tl) Nobles Nob mine 1823 ± 3 1824 ± 3 1842 ± 38 
92-561 (T2) Nobles Nob mine 1822 ± 3 1819 ± 4 1851 ±38 
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4.4. Discussion 
In the absence of defined plateaux on many of the 40Ar_39 Ar age spectra, the 
apparent ages of such samples can only be approximate. Many of the K-Ar data from 
the mineralised samples are within error of maximum zircon age constraints for those 
samples (of about 1860 Ma), suggesting those results represent a simple cooling history 
after igneous crystallisation. The apparent K-Ar and 40Ar_39Ar ages on igneous rocks 
from the region establish a framework for interpreting the apparent ages of secondary 
micas from the ore deposits. 
Thermal events in the Tennant Creek Block, determined from U-Pb zircon ages 
of igneous rocks, occurred at -1850 Ma (the Barramundi Orogeny granites), -1840 -
1830 Ma (felsic volcanism and minor intrusives), and -1700 Ma (granites and 
lamprophyres). Mafic magmatism, in the form of dolerite dykes, also occurred at 
-1840 Ma and 1820 Ma. Detrital zircons from the Tomkinson Creek Beds have ages of 
-1785 Ma; this may represent igneous activity which has occurred in the area, for 
which there is no direct evidence. Many of the K-Ar ages are within error of the 
maximum age of the Tennant Creek Block (-1860 Ma), indicating that regional 
disturbance of the K-Ar isotope system has not occurred. Younger ages, such as those 
of the "Warrego granite" and the lamprophyre, are explicable in terms of the known 
igneous activity at -1700 Ma. 
The limited data for the regional cooling history after the granite intrusions at 
about 1850 Ma suggests that regional cooling was not prolonged. The 1825 Ma ages 
for mineralised samples from several different localities are interpreted to be unaffected 
by the cooling of the granites, which implies those granites were intruded into a cold 
sedimentary sequence, and that the regional temperature was not elevated during the 
formation of the ore deposits. If regional cooling took 15 - 25 Ma after intrusion of the 
granites (the difference between the zircon age of the granites and the 40Ar-39 Ar age of 
the mineralisation), then the cooling rates of between 15 and 35°C/Ma (assuming the 
granites were emplaced at temperatures between 650 and 850°C) would be associated 
with slow-moving isotherms in the host sediments which might produce different 
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apparent ages for the various ore deposits. In addition, such slow cooling would imply 
that the regional temperature was higher than that suggested by the low regional 
metamorphic grade. 
The age of the "Warrego granite" is only poorly constrained by U-Pb zircon-
xenotime analyses. The 40Af.39Af age of 1677 ± 4 Ma for muscovite from this granite 
confirms its minimum age, consistent with the K-Ar ages of about 1700 (± 35) Ma. 
The K-Ar age of 1712 ± 36 Ma from muscovite from the nearby Warrego deposit, 
considered to be contact metamorphosed by the "Warrego granite" (Wedekind et al, 
1989), is further evidence that the "Warrego granite" provided the major thermal 
anomaly in the area. Although these data do not unequivocally establish the granite's 
intrusion age, they suggest that the "Warrego granite" was probably intruded close to its 
40 Ar-39 Ar age; ie at about 1677 ± 4 Ma. 
Although the "Warrego granite" is unique in the Tennant Creek Block, a similar 
granite (the Devil's Marbles Granite) outcrops about 100 km south of Tennant Creek in 
the younger Davenport Province (Blake and Page, 1988) and has an identical K-Ar age 
of about 1690 Ma. The apparent ages of these granites is similar to the U-Pb zircon age 
of the Gosse River East granite (1712 ± 5 Ma) and the K-Ar and U-Pb constraints on 
lamprophyres in the area. This suggests the widespread occurrence of a melting event 
in the lower to middle crust at about that time, possibly involving a contribution of both 
heat and magma from the upper mantle. 
The metamorphism of the Wundirgi Formation, southwest of Tennant Creek, 
also occurred at about 1700 Ma. The apparent 40 Ar-39 Ar age of 1696 ± 4 Ma for 
metamorphic muscovite from this unit is consistent with K-Ar ages of 1709 ± 35 - 1713 
± 35 Ma from the same locality, and represents the last thermal activity in the area. 
The protomylonitic texture and restricted distribution of the metamorphic rocks 
indicate that metamorphism was probably due to local deformation, rather than a 
widespread thermal anomaly. These new age determinations provide further evidence 
that this sequence is not basement to the Tennant Creek Block. 
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The K-Ar ages obtained from mineralised samples range from 1854 ± 38 to 
1716 ± 36 Ma, suggesting either that many of the samples may have been affected by 
thermal activity related to younger igneous activity or that there is a large range in the 
ages of the mineralisation. For example, the apparent K-Ar age of the Warrego deposit, 
1716 ± 36 Ma, is likely to be the effect of contact metamorphism by the adjacent 
"W arrego granite". 
The age of the gold mineralisation is best represented by the samples from the 
Nobles Nob, Peko, Juno and Argo deposits, east of the Tennant Creek townsite. 
Relatively uniform age spectra from these samples all show indistinguishable apparent 
ages in the very narrow range of 1825 to 1830 Ma. There are three possible 
interpretations of this apparent age for the hydrothermal muscovite. Firstly, these may 
represent the time at which the area cooled to below the closure temperature of 
muscovite (-350°C, Dodson and McClelland-Brown, 1985), after the igneous activity 
at either -1850 or -1840 Ma. In this case, these ages represent only the minimum age 
of the mineralisation in that area. However, the identical ages of hydrothermal 
muscovite from these gold deposits, between 3 and 10 km from the nearest granite 
outcrop, suggests that this interpretation is unlikely to be correct because of the inferred 
rapid cooling as stated above. Secondly, the K-Ar isotope system may have responded 
to younger thermal activity in the area, and the apparent age spectra represent a 
complex cooling/reheating history after original muscovite crystallisation. This 
interpretation is considered unlikely, owing to the uniformity of the spectra compared 
with those from the Eldorado and White Devil deposits. Finally, they may represent 
closely the true age of gold mineralisation, reflecting the time at which the deposits first 
cooled to below -350 - 400°C after their formation. The age of the mineralisation is 
overlapped by the felsic magmatism of the Flynn Subgroup, suggesting that there may 
be a genetic relationship. Stable isotope analyses imply the presence of a magmatic 
component in the mineralising fluids (Huston, 1993), and these timing relationships 
suggest that part of the Flynn Subgroup magmatism (including granites of similar age) 
is the most likely source of that component. 
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The ages of both the ironstone-related and mineralisation-related muscovites are 
identical for the deposits around Nobles Nob. The simplest and most likely 
interpretation is that the ironstones and mineralisation are essentially the same age 
(within experimental error). It is possible that the ironstones remained at high 
temperatures until after the mineralisation occurred, or that the age of the ironstone-
related muscovite was totally overprinted during the formation of the ore deposits. 
However, fluid inclusion data from some deposits suggest that the temperature of the 
mineralising fluid was about 300°C, about 50°C lower than the temperature at which 
the ironstones may have formed (eg Nguyen et al, 1989). Even if the local environment 
was elevated to this temperature for a prolonged period (sufficient to produce the gold 
mineralisation), then the earlier formed muscovite is unlikely to have been reset, as 
muscovite is relatively retentive with respect to Ar at these temperatures (McDougall 
and Harrison, 1988). Modelling of Ar diffusion, using the diffusion parameters of 
Robbins (1972), show that an unreasonably long period of time (many !Os of Ma) 
would be required to noticeably disturb the ironstone related muscovite at the suggested 
temperatures (around 300°C) at which the mineralisation formed. In addition, the 
complete resetting of the earlier muscovite could not be achieved at that temperature. 
Although the earlier muscovite could be completely reset by a thermal pulse of at least 
1 Ma duration to 400°C, there is no published evidence to suggest that temperatures 
over 350°C occurred during the mineralising event. 
Samples from the Eldorado and White Devil deposits show uneven age spectra 
with integrated ages of between 1770 and 1790 Ma (with one exception). Although 
these samples represent different muscovite parageneses, it is difficult to interpret these 
data as anything other than minimum ages of disturbed samples. It is possible that 
samples from the White Devil mine have responded to the intrusion of the "Warrego 
granite" about 10 km to the west at about 1700 Ma. Although younger intrusions, other 
than small lamprophyre bodies, are not known from the vicinity of the Eldorado and 
TC8 deposits, samples from these localities must have also responded to granitic 
intrusions which are not exposed. 
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5. Geochemistry of the Tennant Creek Inlier 
5.1. Introduction 
Whole-rock chemical analyses were obtained for all U-Pb zircon samples and 
are augmented by existing data from the Australian Geological Survey Organistion 
geochemical database (ROCKCHEM), comprising over 1400 analyses, and other 
published analyses from the Tennant Creek area (Blake et al, 1987, Stoltz, 1990, Stoltz 
and Morrison, 1991). 
Samples for which U-Pb age determinations were made were also analysed for 
major elements in order to test whether any meaningful chemical discrimination could 
be made between felsic magmas of different age. Wyborn et al (1992) recognised five 
main groups of Paleoproterzoic felsic magmatism in northern Australia based on 
geochemical characteristics, one of which is metallogenetically significant. 
Geochemical comparisons show that the majority of Tennant Creek granites are 
typical of many of the Proterozoic granites across northern Australia. Only minor 
geochemical distinctions exist between the Cabbage Gum Granite, the Mumbilla 
Granodiorite and the Tennant Creek Granite (all -1850 Ma), whereas the younger 
"Warrego" and Gosse River East granites show significantly different geochemistry. 
The geochemical signature of the Gosse River North granite is similar to that of 
fractionated granites associated with gold mineralisation elsewhere in northern 
Australia. 
Low level trace element analyses were carried out to investigate the degree of 
light Rare Earth Element (REE) enrichment associated with the gold-copper 
mineralisation, a phenomenon suggested by unpublished data from the Eldorado 
deposit (Horvath, 1989). However, variations in the REE abundances appear mainly to 
be due to rock volume changes during alteration, and no evidence of significant light 
REE enrichment was identified. 
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5.2. Analytical Techniques 
5.2.1. Whole rock Geochemistry 
Major and most trace element concentrations in 50 samples of slightly altered 
granitoid, felsic porphyries and volcanics, sediments and mafic dykes from the Tennant 
Creek Inlier were determined by X-ray fluorescence spectrometry (XRFS) on Philips 
PW-1404 or PW-1450 equipment by the Australian Geological Survey Organisation, 
Canberra. Major elements were determined on glass fusion discs using the method of 
Norrish and Hutton (1969). International and secondary standard rock samples were 
used to calibrate the reported results. Ferrous iron (FeO) was determined separately by 
titration, and loss on ignition (LOI) was measured by igniting -5 g of sample at 
1050°C. Combined moisture (H20+/-) and total carbon (carbonate and carbon, quoted 
as C02) were determined gravimetrically. Most trace elements were determined by 
XRFS on pressed powder pellets using the techniques of Norrish and Chappell (1977), 
and calibrated against synthetic or natural standards. Major element oxides are accurate 
to greater than 1 % of the reported concentrations (except for Na20, which is± 2%), 
minor element oxides (MnO, K10, and P20s) are accurate to the second decimal place, 
and trace elements are accurate to ± 5 ppm for concentrations above -100 ppm, ± 2 
ppm between 50 and I 00 ppm, and ± 1 ppm for lower concentrations. Descriptions of 
the samples and their analytical results are given in Appendix 4. 
5.3. Geochemistry of the Igneous Rocks 
5.3.1. Alteration 
Almost all of the igneous (and sedimentary) rocks from the Tennant Creek area 
show some degree of alteration, due to effects of regional greenschist metamorphism 
and hydrothermal activity. It has been possible to select a suite of samples in which the 
effects of alteration are considered minimal (but not absent) by combining petrographic 
and chemical criteria. Petrographic evidence of alteration includes the partial 
replacement of feldspar and mica by epidote, chlorite and sericite, the geochemical 
consequences of which include variations in Si, Fe, K, and Na, as well as in trace 
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element concentrations. Figure 5.1, a plot of the mobile elements KzO versus Na20. 
demonstrates the effect of both potassic alteration and albitisation, where both elements 
become elevated with increasing alteration (K20 usually at the expense of NazO). The 
less altered samples presented here represent all of the major intrusions and several 
smaller bodies in the Tennant Creek Inlier. 
10 Potassic alteration 
8 <o 
Albitisation 
0 00 N 
~ 6 
I§ 
~ 
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Figure 5.1. Alteration of Tennant Creek Granites, showing approximate 
field of unaltered granites. 
5.3.2. Fractionation 
Two hypotheses have been suggested to explain the chemical variations 
observed in the chemistry of granites. White and Chappell (1977) proposed that these 
variations result from the removal of refractory residue ("restite") from magmas 
composed of a mixture of this residue and granitic minimum melts (-78% Si02). 
According to this model of restite unmixing, most of the variations are the result of 
varying degrees of separation of the residue prior to the solidification of the granite. 
Fractional crystallisation (where elemental variation is due to partitioning between the 
crystallising phases and the melt), will be only of minor importance while restite is still 
present (White and Chappell, 1983), but may become important after all the restite is 
removed (Chappell and White, 1992). 
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5.3.3. Tennant Creek Granites 
It is possible to make distinctions on field, chemical and petrographic criteria 
between the various granite intrusions of the Tennant Creek area. In general, the even-
grained to porphyritic Tennant Creek Granite is pink in colour, whereas the even· 
grained Cabbage Gum Granite and porphyritic Mumbilla Granodiorite are generally 
more grey. All of these granites contain abundant (chloritised and foliated) biotite, and 
rarer primary muscovite. The red-brown colour of the unaltered biotite and the 
presence of accessory magnetite suggest reduced magmatic conditions, a feature of I-
type granites. Hornblende was not observed, but may have been replaced by chlorite 
(Stoltz and Morrison, 1991 ). Plagioclase is almost invariably altered to sericite. 
Accessory minerals include zircon, apatite, titanite, magnetite, rare fluorite and allanite. 
Ruiile appears to be restricted to the Tennant Creek Granite. Alteration minerals 
include epidote, sericite, chlorite (possibly two generations), fluorite (in altered biotite) 
and hematite. Graphic intergrowths of quartz and feldspar are common to all granites, 
and are evidence that the granites were intruded to a high crustal level. The "Warrego" 
granite is a coarse-grained whitish to pink equigranular muscovite granite, which is 
invariably deeply weathered in outcrop. Granites outcropping east of the Gosse River 
appear similar to the Tennant Creek Granite. A pink equigranular quartz syenite is 
known from drill-holes about 25 km east of the Gosse River; this is known as the Gosse 
River East granite. 
The chemical distinctions between the older granites (the ca 1850 Ma Tennant 
Creek and Cabbage Gum Granites, and the Mumbilla Granodiorite), the "Warrego" 
granite and the Gosse River East granite are easily shown on variation diagrams, such 
as a Nb versus Zr (Figure 5.2). Multi-element, primitive-mantle normalised abundance 
diagrams, in which elements are ordered by increasing compatibility with respect to the 
(ultimate) mantle source from left to right, are also useful for comparing different 
granites. Using such diagrams, Wybom et al (1992) identified five felsic magma 
systems in the Early Proterozoic of northern Australia: (i) I-type, Sr-depleted, Y-
undepleted, restite-dominated; (ii) I-type, Sr-depleted, Y-undepleted, fractionated, low 
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in incompatible elements; (iii) I-type, Sr-depleted, Y-undepleted, enriched m 
incompatible elements (anorogenic); (iv) I-type, Sr-undepleted, Y-depleted; (v) S-
type, Sr-depleted, Y-undepleted. The occurrence of any particular group appears to be 
related to time intervals, although not exclusively (Wyborn et al, 1992). The Cullen 
Batholith in the Pine Creek Inlier, an example of second category, has been spatially 
and structurally linked to the gold mineralisation in the area (Stuart-Smith et al, J 993, 
Matthai, 1994). 
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Figure 5.2. Tennant Creek granite discrimination diagram. The "Warrego" 
granite has higher Nb, and the Gosse River East granite, has higher Zr than 
the -1850 Ma granites. 
Plotted on such diagrams, the 1850 Ma Tennant Creek granites are very similar 
to the Kalkadoon Granite of the Mt Isa Inlier, used by Wybom et al (1992) as a typical 
example of the voluminous restite dominated, Sr-depleted, Y-undepleted granites which 
occur in the northern Australian Early Proterozoic, aged about 1880 - 1850 Ma and 
distinctive from granites of other ages (Figure 5.3 A-D). Although the Tennant Creek 
Granite shows considerable scatter in both major and trace elements on Harker 
variation diagrams (probably due to post-crystallisation alteration), minor differences 
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Figure 5.3 (cont). Multi-element variation diagrams of 
the Tennant Creek granites. 
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between the Tennant Creek Granite, the Cabbage Gum Granite and the Mumbilla 
Granodiorite are apparent. For example, the Cabbage Gum Granite and the Mumbilla 
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Granodiorite have slightly lower Y, Zr and perhaps Ti02 contents and lower K/Rb 
ratios across the observed range of Si02 than the Tennant Creek granite (Figure 5.4). 
Most elements show the straight line fractionation trends expected for restite unmixing, 
although this is a little obscured by the scatter shown by the Tennant Creek Granite 
(Figure 5.4). Variations in aluminosilicate index (ASI = molecular Al20y'(K20 + 
Na20 + CaO), after subtracting the CaO required for apatite) with respect of increasing 
Si02 show slightly different behaviour for each of these granites, with the ASI 
increasing in the Cabbage Gum Granite and Mumbilla Granodiorite (albeit only 
slightly), and decreasing in the Tennant Creek Granite. Decreasing ASI is usually a 
response to albitisation, suggesting that the high degree of scatter for many elements 
shown by the Tennant Creek Granite is due to alteration. In general, the Cabbage Gum 
Granite and Mumbilla Granodiorite are weakly metaluminous at low Si02, and 
fractionate to peraluminous compositions, precluding the crystallisation of hornblende 
(Camacho, pers comm.). 
One of the priorities of this geochemical investigation is to identify the second, 
fractionated, category of granite identified by Wyborn et al (1992). The Gosse River 
North granite (the age of which has not been determined), is also plotted on variation 
diagrams (Figure 5.4) and shows a similar enrichment in Rb, U and Y at high Si02 
levels and low K/Rb ratios to this category of granite. Analyses of the Channingum 
Granite, known to be younger (at 1840 ± Ma) than the granites discussed above, also 
hint at this fractionation with enrichments in U and Rb, although there are no data from 
high Si02 samples (see Figure 5.3 E). 
The Gosse River East granite, because of its low Si Oz (-62 % ), always plots 
separately from the older granites on Harker diagrams, and is characterised by 
correspondingly higher levels of TiOz, Al203, KzO, and P205. Elevated Ba, Rb, Sr, 
Ce, Zr, U and Th, and depleted NazO and Pb, relative to the other granites, suggests 
that the Gosse River East granite is not related to the older granites (Figure 5.3 F). 
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The muscovite-bearing "Warrego" granite is also readily distinguished from the 
older granites by its higher Rb, Nb, U, Th, Pb and lower Ti02, K20, Ba and La (Figure 
5.3 G). Rb, Ce, La, Nb and Y become more elevated at higher Si02 levels. The REE 
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pattern is similar to that of the Tennant Creek Granite and felsic porphyries, except for 
a more prominent negative Eu anomaly (see Figure 5.14). The composition of this 
strongly peraluminous (ASI from 1.17 to 1.6) and highly fractionated granite is 
suggestive of an S-type origin, a conclusion not supported by the presence of magnetite 
and red-brown biotite (I-type mineralogy). Elevated ASI values can be produced by 
alteration (Wyborn, pers com). Cordierite and garnet, minerals characteristic of S-type 
granites, are also not observed. Wyborn et al (1992) considered compositionally 
similar granites (Figure 5.3 H) from the Davenport Province (-120km south) to be S-
type. Further consideration of the classification of this granite will be presented in a 
later section. 
An unnamed granite in the Davenport province, which outcrops a few km south 
of the -1660 Ma Elkedra Granite, shows the same Sr-depleted, Y-undepleted pattern as 
the 1850 Ma granites (Figure 5.3 I), and may represent a continuation of these Tennant 
Creek granites, as basement to the Hatches Creek Group. 
5.3.4. Felsic Porphyries 
The quartz-feldspar felsic porphyry dykes show greater degrees of alteration 
than the granites, and this is reflected in their geochemistry. On chemical and 
petrographic criteria, a suite of relatively unaltered samples was selected. 
Although the granites of different ages also showed geochemical differences, 
there is little to distinguish the different aged porphyries geochemically. Plotted on 
variation diagrams, there is little evidence of fractionation, as most elements show 
straight-line trends, or scatter independently of Si02 (Figure 5.5). The porphyry at the 
White Devil mine is depleted in "immobile" elements (Ti, Zr), which may be due to the 
high degree alteration where the porphyries and mineralisation intersect. On the multi-
element diagrams (Figure 5.6), all the porphyries show the Sr-depleted, Y-undepleted 
pattern similar to the 1850 Ma granites. 
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5.3.5. The Flynn Subgroup 
Most of the available analyses of the Bernborough Formation are derived from 
two drill-holes into a rhyolitic ignimbrite (DOH IO and l l), and most of these show 
considerable alteration. What are considered to be the least altered samples show 
enrichment in Zr, Nb, Y, La and Ce, and depletion in Sr relative to the felsic porphyries 
and a crystal-rich volcanic from elsewhere in the Bernborough Formation (see Figure 
5.5). Multi-element comparison suggests that this unit of the Bemborough Formation 
(Figure 5.7) could be a more fractionated derivative of the approximately 
contemporaneous Channingum Gum Granite (Figure 5.3E) . 
.•. 
O.!O Pb Rb Ba Th U K Nb La Ce Sr Nd P 7.J: Ti Y Na 
Figure 5.7. 
Subgroup. 
fractionated 
squares). 
5.3.6. Classification 
Multi-element diagram of the Flynn 
The Bernborough Formation is more 
than the Monument Formation (Black 
Difficulties with classifying of Australian Early Proterozoic granites have been 
discussed by Wybom (1988). Based on chemical composition (and assuming that all 
K10 is within feldspar), the majority of samples are granites or adamellites (Figure 
5.8), with granites dominating. This contrasts with petrographic observations that most 
are granodiorites, monzogranites or tonalites (D Wyborn, unpublished AGSO report, L. 
Wyborn, 1988). The I- and S-type discrimination diagrams of Chappell and White 
(1984) do not appear to be meaningful in the case of the Tennant Creek granites as the 
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majority of granites plot in the field of S-types (Figure 5.9), in contrast to their I-type 
mineralogy. On a Rb/Sr versus Si02 diagram, the average S-type of Chappell and 
White (1992) lies within the scatter of the Tennant Creek granites, whereas the average 
I-type does not (Figure 5.9). These discrepancies are the result of elevated K levels in 
these Early Proterozoic granites, relative to the Paleozoic granites on which such 
discriminations were developed. Also, the majority of samples are peraluminous, and 
many are strongly peraluminous, with ASI values over 1.2. This chemical 
characterisation of the Tennant Creek granites as S-type is inconsistent with their I-type 
mineralogy, ie magnetite and red-brown biotite, and their previous classification by 
Wyborn (1988) as I-type granites. Alteration of plagioclase will affect all these 
discriminants, by lowering Na20 (and therefore raising the ASI value) and Sr. 
Cao 
+ 1850 Ma granites 
• "Warrego"granite 
+ Gosse River east granite 
MG 
G 
Na20 K20 
Figure 5.8. Classification of Tennant Creek granites on a CaO-Na20-
K20 diagram after Glikson (1980). 
On the discrimination diagrams of Whalen et al (1987), some of the "Warrego" 
and Gosse River East granite samples plot within the fields of A-type granites (Figure 
5.10). Neither granite lies entirely within the A-type fields, which may indicate that 
Compston, 1994 
5 
I-type 
D 4 Average I-type 
"""' 0 D D 0 D0 D 
• ltJ 
1 
Ill 
S-type 
0 IC._~-'-~--'~~-'-~-'-~~'---~-'-~--L~--' 
0 2 4 6 8 
Ill Warrego Granite 
o Tennant Creek Granite 
: 
K10(wt%) 
o Cabbage Gum Granite 
• Mumbilla 
D 
D @ 
di>, 11.i> ~~ 
~~ 0~.[~Average S-type 
1£ ~A o<>'t J.@~ @ ¢) 0 
60 
Iii Channingum Granite 
o Gosse River North Granite 
• Warrego Granite 
o Tennant Creek Granite 
• 
' 
' 
Average I-type 
80 
• Mumbilla Granodiorite 
l1 Gosse River East granite 
@ Cabbage Gum Granite 
Figure 5.9. I- and S-type discrimination diagrams for the 
Tennant Creek granites. Average Lachlan Fold Belt granites 
(Chappan and White, 1992) are plotted for comparison. 
105 
Compston, 1994 
fractionated 
I- & S-type 
unfractionated 
I- & S-type 
A-type 
1 '---1__.LL-Lill!J_-1.J!!iittJ..LLLLL-L-Ll.illm 
10 
100 c 
c 
c 
c 
.D 10 z c 
c 
c 
100 1000 
Zr+Nb+Ce+Y 
LEGEND 
Iii "Warrego" granite 
o Gosse River East 
granite 
l!!J 
• 
_I\ 
A-type 
-· oD~
I- & S-type 
1 . 
1 10,000*Ga/Al 
10000 
.. 
10 
Figure 5.10. Discrimination diagrams (after Whalen, 
1987), showing the "Warrego" granite fractionating into 
the field of A-type granites, and the Gosse River East 
granite plotting in different fields in each plot This 
suggests these post-tectonic granites are not "true" A-
types. 
106 
they are highly fractionated I- (or S-) type granites. In Figure 5.11, the Tennant Creek 
Inlier granite data are plotted in the manner of Pearce et al (1984), where they straddle 
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the boundary between the within plate granite (WPG) and the combined volcanic arc 
granite (VAG) and syn-collisional granite (SYN-COL) field. The more fractionated 
"Warrego" granite trends further into the WPG ("anorogenic") field. Weaver et al 
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(1992) ascribed a similar trend in granites from a demonstrably anorogenic tectonic 
environment to be the result of fractionation of I-type melts. 
Most of these classification criteria were developed for granites of Paleozoic age 
(eg Chappell and White, 1974, 1984, Whalen et al, 1987) or modem analogues (Pearce 
et al, 1984). The occurrence of significant variations in granite composition over time, 
noted by Wyborn (1988) and Wyborn et al (1992), diminish the utility of such 
discriminations in granites of Early Proterozoic and Archean age. 
The felsic porphyries are more altered than the granites. To minimise the 
effects of alteration, the data were plotted on a Zr/Ti versus Nb/Y discrimination 
diagram (immobile elements). Almost all samples lie in the rhyodacite and rhyolite 
fields (Figure 5.12). 
LEGEND 
!I White Devil 
porphyry 
" Warrego 
porphyry 
• undifferentiated s porphyry N 
Flynn Subgroup 
<>Monument 
Formation 
" Bernborough 
Formation 
1.00 
rhyolite 
0.10 
O.oJ andesite 
andesite/basalt 
0.00 
O.oJ 0.10 
Nb/Y 
comedite/ 
pantellerite 
trachyte 
0 
trachyandesit 
1.00 
asanite/ 
ephelinit 
10.00 
Figure 5.12. Plot of Zr/Ti versus Nb/Y (after Winchester and Floyd, 
1977) for the Flynn Subgroup volcanics and the felsic intrusive 
porphyries (which mostly lie in the rhyolite and rhyodacite fields 
respectively). 
5.4. Conclusions 
The Tennant Creek granites of different ages are also distinguishable by 
different compositions. The different 1850 Ma granites (as mapped) differ in minor 
details from one another, but are similar to granites of similar age elsewhere in 
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Australia. Petrographically, they have I-type characteristics, whereas their chemical 
signatures appear to be S-type. This anomaly is more probably due to the (likely) 
effects of alteration rather than being an indication that the chemical discriminants 
successfully applied in the Lachlan Fold Belt cannot be directly applied to granites of 
the Early Proterozoic. The "Warrego" granite, which shows some A-type 
characteristics, is more likely to be a fractionated S-type granite, although this has not 
been conclusively demonstrated. 
Granitic rocks of the Tennant Creek area have traee element compositions 
consistent with source regions in the middle crust where plagioclase is stable. The 
significant depletion in Sr, and the negative Eu anomalies, preclude residual garnet in 
the source region. Experimental and petrological studies suggest pressures of at least 
10 kbar (-35 km depth) would be implied by the presence of garnet in the source region 
(Norman et al, 1992, and references therein). 
5.5. Comparison with Other Early Proterozoic Orogens 
As has been demonstrated (Wyborn, 1988, Wyborn et al, 1992, Page, 1988), the 
Tennant Creek Block granites are quite similar to granites of similar age in other 
northern Australian Early Proterozoic regions. The most voluminous granites are the 
Sr-depleted, Y-undepleted granites intruded between 1880 Ma in the Pine Creek Inlier 
(Page, 1988) and 1850 Ma at the Halls Creek Inlier (Page, pers comm), and have 
similar ages in the Mt Isa and Granite-Tanami Inliers, as well as the 1850 Ma Tennant 
Creek Inlier granites. These granites, and their related felsic volcanics, outcrop over 
about 37, 000 km2 in widely separated regions (Wyborn, 1988). Their compositional 
homogeneity and approximately synchronous formation over such a large area 
precludes their generation during subduction related tectonics. 
Published geochemical data on the -1850 Ma granites of the Trans-Hudson 
Orogen, and the slightly older Wopmay Orogen do not contain the complete suite of 
elements used in the multi-element diagram, which restricts the comparisons that can be 
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made. Data from Ansdell and Kyser (1993), Fumerton et al (1984), Meyer et al (1992), 
Halden et al (1990) and Hildebrand et al (1987), although incomplete, has been plotted 
in the same way as for the Tennant Creek granites. 
The 1850 Ma Wathaman Batholith of the Trans-Hudson Orogen is different to 
the granites of northern Australia in that it is Sr-undepleted, Y-depleted (Figure 5.13 A) 
and contains no Eu anomaly (Fumerton et al, 1984). This requires residual garnet 
(rather than plagioclase) in the magma source region, implying that the source region is 
deep, below 35 km depth. The geochemistry of ca 1850 Ma granites in the Flin Flon 
area similarly indicates a deeper source than that of the Tennant Creek granites (Figure 
5.13 B). A "younger" intrusion than the Wathaman Batholith, the Thorsteinson 
Batholith (Halden et al, 1990), shows the Sr-depleted, Y-undepleted pattern of a 
shallower, plagioclase-bearing source (Figure 5.13 C, D). This may be evidence that 
the locus of magma generation migrated upwards with time. This possibility requires 
testing by more detailed combined geochemical and geochronological information than 
is currently available. 
Granites of the the Wopmay Orogen, in northern Canada, hinting at a similar 
apparently time-related trend from Sr-undepleted, Y-depleted to Sr-depleted, Y-
undepleted chemistry (Figure 5.13 E,F), which may also indicate that the magma source 
regions have become shallower with time. 
5.6. Rare Earth Element Distribution in the Mineralisation 
5.6.1. Analytical Techniques 
Trace element concentrations in 22 samples of gold-copper mineralisation and 
fresh and altered magmatic and sedimentary rocks were analysed in duplicate by spark 
source mass-spectrometry, using pressed electrodes of rock-powder and graphite, with 
an internal Lu203 standard. Samples were prepared by initial crushing in agate or 
stainless steel ring-mills, followed by finely crushing smaller (< 0.5 g) aliquots in a 
small agate shaker-mill. A smaller aliquot of the final powder was carefully weighed, 
mixed with a measured amount of graphite containing the internal standard and pressed 
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into -1.5 cm long rods. Analytical problems, probably resulting from incomplete 
homogenisation of the sample powder, is evident from the occasional poor agreement 
between the duplicate plates. Although the Rare Earth Elements of interest were rarely 
affected, and usually showed the smooth patterns associated with "good data'', the 
quality of the data presented here is problematic. 
5.6.2. Results 
REE analyses were obtained for 10 mineralised samples, one "barren" ironstone, 
and 3 relatively unaltered sediments. 
The Warramunga Formation sediments, from adjacent to Eldorado and White 
Devil deposits as well as exploration prospect Explorer 50 (Figure 5.14), represent the 
host rocks to the mineralisation, and were analysed to assess their influence on the REE 
distribution in the mineralisation. The greywackes show REE distribution similar to the 
Post Archean average Australian Shale (PAAS) of Nance and Taylor (1976). With 
respect to the chondritic meteorites, they show high abundances, light REE enrichment, 
nearly flat heavy REE patterns, and a significant negative Eu anomaly. REE mobility 
resulting from the effect of the mineralising fluids will produce different shaped REE 
patterns, whereas rock volume changes in response to alteration (but without REE 
mobility) will simply vary the REE abundances. 
The REE patterns from the Tennant Creek ore deposits, host rocks and granitic 
intrusives are plotted in Figure 5.14 and show a range in abundances and similar 
fractionation patterns (La/Yb). The REE patterns are quite similar in shape to those of 
the host greywackes, and it is probable that the abundance variations are due to volume 
changes. The highly light REE-enriched sample from Horvath (1987), resampled as 
90-TC-106, is also plotted. The high degree of light REE enrichment was not 
replicated by 90-TC-106, and may be due to the occurrence of monazite in the sample 
(107112). Heavy minerals observed in the ore deposit samples include zircon 
xenotime, which are enriched in heavy REE, and monazite and titanite, which are light 
REE-enriched. 
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The REE patterns for those sam pies dominated by massive magnetite are 
noticeably flatter, and light REE depleted relative to the greywackes. This suggests 
their REE patterns reflect the composition of the ironstone-forming fluid rather than the 
host rocks. This is consistent with the model of (parts ot) the ironstones forming within 
dilation zones, produced during deformation (eg Etheridge, 1989). 
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6. Conclusions 
6.1. Introduction 
116 
Many of the problems encountered in the past by both whole-rock methods and 
multigrain conventional zircon analysis have been circumvented in the present 
investigation. Micro-analysis of zircon inheritance, which sometimes leads to errors in 
conventional multigrain analyses, has been used to obtain useful information regarding 
the existence and age of components of unexposed basement or older sediments. The 
presence of more than one detrital zircon age-population in the sediments provides 
additional indirect information regarding earlier phases of the development of the 
Tennant Creek Block. 
6.2. Tennant Creek Chronostratigraphy 
The temporal development of the Tennant Creek Block is summarised m 
Figures 6.1 and 6.2. The new isotopic data, at least in the Tennant Creek Block, shows 
that the Barramundi Orogeny was short-lived event. A time interval of no more than 20 
Ma elapsed from the deposition of turbidites, through their deformation and the 
intrusion of extensive granites to the deposition of volcanics and sediments in a 
shallow-water environment. The acquisition of these data coincided with a 
reinterpretation of the stratigraphic sequence of the Tennant Creek Block by the 
Northern Territory Geological Survey (Donnellan et al., 1991, in prep), who proposed 
the revised geological interpretation presented in Chapter 2. The new data presented 
here provides an independent confirmation of this stratigraphic reclassification. 
What was previously regarded as basement to the Tennant Creek Block, 
metamorphic rocks intersected in drillholes southwest of Tennant Creek, has now been 
shown to contain younger rocks, aged 1830 Ma, than the Warramunga Formation (1860 
Ma). The true basement to the Tennant Creek Block is not exposed, and the oldest 
known rocks in the area are the turbidites and luff of the Warramunga Formation. 
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Figure 6.1. Revised stratigraphy of the Tennant Creek Inlier, Northern Territory, 
based on U-Pb zircon geochronology and Donnellan et al (in prep). 
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Figure 6.2. Summary of U-Pb and 40 Ar - 39 Ar ages from the 
Tennant Creek Inlier. Mineralisation is clearly related to the 
waning of felsic magmatism. (p =porphyry) 
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The presence of ca 1930 Ma detrital zircon populations within the Warramunga 
Formation greywackes indicates that rocks of this age were probably exposed at the 
time of greywacke deposition. These rocks may now underlie either the Warramunga 
Formation sequence, or nearby younger Early Proterozoic basins. Blake and Page 
(1988) reported conventional U-Pb zircon ages of 1922 Ma and 1916 Ma for flow-
foliated rhyodacites mapped as part of the Warramunga Group of Mendum and Tonkin 
(1976), but cautioned against accepting these as crystallisation ages owing to the 
presence of inherited zircons. The magmatic age of 1862 ± 9 Ma for the altered 
tuffaceous siltstone within the Warramunga Formation defines the age of that part of 
the sequence, and is supported by similar ages for two Warramunga Formation 
sediment samples of around ca 1860 Ma. The maximum ages of the greywackes are 
identical to the crystallisation age of the tuff, indicating that the greywackes were 
deposited very shortly after their protolith crystallised. They may represent 
remobilisation of unconsolidated tuffaceous material. The age of these greywackes 
may correspond to the time of the formation the basin in which they were deposited. 
Most of the granites in the Tennant Creek Block have indistinguishable ages of 
about 1850 Ma; it is likely that they were produced from a single melting event in the 
lower crust. These granites (which vary from strongly foliated to undeformed) were 
probably intruded before, during and after the regional deformation (the Barramundi 
Orogeny). Numerous felsic porphyry dykes were intruded into the sedimentary 
sequence prior to the deformation (McPhie, 1993). One such dyke has an age of 1853 ± 
8 Ma, whereas an entirely undeformed granite has an age of 1840 ± 9 Ma. This 
constrains the maximum deformation age to roughly the same age as the granites. The 
minimum age of the Barramundi Orogeny is defined by the oldest age (1845 ± 4 Ma) 
obtained for the rocks of the Flynn Subgroup, which are unaffected by the deformation, 
granite intrusion and uplift associated with the orogeny. The age of the Barramundi 
Orogeny must therefore lie between 1848 ± 7 (the youngest age obtained for the 
Tennant Creek Granite) and 1845 ± 4 Ma, and corresponds to the closure of the basin in 
which the greywackes were deposited. The age of the undeformed Channingum 
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Granite (1840 ± 9 Ma) is further support for this constraint on the age of the 
Barramundi Orogeny. 
The basin was uplifted subsequent to the intrusion of the granites and prior to 
the deposition of the felsic volcaniclastics and volcanics of the Flynn Subgroup (such as 
the Bemborough Formation) between 1845 Ma and 1830 Ma ago. Evidence for this 
uplift is that the Flynn Subgroup was deposited in a shallow marine environment (in 
contrast to the deep-water environment of W arramunga Formation deposition), and 
there are neither intervening rocks nor an apparent tectonic boundary (other than a 
suspected unconformity) between the deformed Warramunga Formation and the 
undeformed younger rocks. The ages presented here for the lowermost units of the 
Flynn Subgroup are significantly older than the conventional U-Pb zircon ages of the 
Treasure Volcanics and Epenarra Volcanics at th.e base of the Hatches Creek Group (to 
the south of the Tennant Creek Block), which are believed to be around 1820-1810 Ma 
old (Blake and Page, 1988). Possibly comagmatic with parts of the Flynn Subgroup is 
the suite of ca 1840 Ma felsic porphyry dykes that intrude the Warramunga Formation 
and the lowermost Flynn Subgroup, as well as the post-tectonic Channingum Granite 
which intrudes the Flynn Subgroup. Further felsic igneous activity around this time 
resulted in the deposition of the Wundirgi Formation (ca 1830 Ma), originally felsic 
volcanics and sediments, but now metamorphosed into felsic schists and amphibolites. 
Granite of the same age was also incorporated into the shear zone now represented by 
the metamorphosed Wundirgi Formation. 
The Hayward Creek Formation is stratigraphically above the Flynn Subgroup in 
the Tomkinson Creek Subgroup and has a maximum depositional age of 1784 ± 9 Ma. 
Although potential source rocks of this age are not known in the Tennant Creek Block, 
some of the earlier igneous activity in that area is represented by detrital zircon 
populations in the Hayward Creek Formation quartzite. The Attack Creek Formation, 
stratigraphically higher in the Tomkinson creek Subgroup, has a maximum depositional 
age of 1749 ± 17 Ma. The Attack Creek Formation has similarities with parts of the 
McArthur Basin stratigraphy (Page, pers comm), tuffs from which have been dated at 
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around 1690 -1670 Ma (Page, 1981). Although there is insufficient evidence to 
propose a regional correlation between these areas, it cannot be ruled out by the 
(maximum) age of the Attack Creek Formation. 
The youngest igneous events in the Tennant Creek Block were the intrusions of 
the Gosse River East granite and the "Warrego granite", probably at about 1700 Ma. 
The U-Pb age of the Gosse River East granite is 1712 ± 5 Ma. However, interpretation 
of the U-Pb data from the "Warrego granite" is inconclusive. This granite is unique in 
the Tennant Creek Block for both its chemistry and the ambiguity of its U-Pb zircon 
data. The "Warrego granite" is highly fractionated with respect to U, Th and Rb, 
characteristics often associated with younger granites in the Early Proterozoic basins of 
northern Australia (Wyborn, et al., 1992). The low initial 87Sr/86Sr ratio of 0.702 ± 
0.008 reported by Black (1977) is indicative that its Rb-Sr age of ca 1690 Ma, which is 
indistinguishable from its K-Ar age, represents an igneous rather than metamorphic age. 
It has Jong been recognised that the "Warrego granite" has a contact aureole unlike 
those of other granites in the area and that the regional foliation is reoriented near its 
eastern margin (eg Wedekind and Love, 1990). It has metamorphosed the adjacent 
gold-copper-bismuth deposit of the Warrego Mine, and is therefore unlikely to have 
played a role in the genesis of the Tennant Creek mineralisation. The post-deformation 
Devil's Marbles Granite in the Davenport Province some 100 km to the south of 
Tennant Creek, has similar chemistry (L. Wyborn, pers. comm.), and equally difficult 
zircon systematics (R. Page, pers. comm.). It may be contemporaneous. 
There does not appear to have been an extended cooling history for the area after 
the intrusion of voluminous granites at about 1850 Ma. This is supported by the field 
relationships of relatively narrow contact aureoles ( < 5 km) around these granites and 
low regional metamorphic grade. Because the thermal effects of these granites was 
short-lived and of limited spatial distribution, the younger K-Ar and 40 Ar-39 Ar ages 
from the region may be interpreted as approximating the age of mineral formation. 
These younger ages identify apparently contemporaneous intrusion of granite 
(the "Warrego granite" and the Gosse River East granite) and Jamprophyre within the 
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Tennant Creek Block at about 1680 - 1710 Ma. Lamprophyres are usually considered 
the product of melting of metasomatised upper mantle (LeCheminant et al., 1987), 
suggesting involvement of the upper mantle at about the same time as granite 
generation in the lower to middle crust. An alternative model suggests that 
lamprophyres are originally part of a mafic magma underplating the lower crust and 
trapped by density contrasts below felsic crustal melts (eg Matthai et al, in prep). As 
these felsic melts crystallise, a fractionated, volatile-rich proportion of the mafic 
magma intrudes into crustal fractures. 
Felsic volcanics, and granites, aged about 1700 Ma occur sporadically in 
northern Australian Early Proterozoic terranes. They are known in the Mt Isa Inlier 
(Page, 1988, Wyborn et al., 1988), the Arunta Block (Collins and Williams, in press) 
and the MCArthur Basin (D. Rawlings, pers com). In the Mt Isa region they are 
considered to represent thermal activity associated with crustal extension (Wybom et 
al, 1988). The apparent association of granitic melts and lamprophyres suggests such a 
process may also be applicable in the Tennant Creek Block. 
6.3. The Origin of the Mineralisation 
The minimum age of the gold-copper-bismuth mineralisation in the Tennant 
Creek Block has been constrained to about 1825 - 1830 Ma. This is younger than the 
major deformation in the area, which is associated with the Barramundi Orogeny, but 
overlaps the ages of the felsic magmatism of the Flynn Subgroup at about 1845 - 1830 
Ma (Figure 6.2). The structural interpretation that the ironstones (that host the 
mineralisation) were formed during the major deformation (D 1) and therefore predate 
the mineralisation is not supported by the isotopic evidence, or the presence of some 
ironstones in the Flynn Subgroup. As it is unlikely that the hydrothermal activity 
associated with the mineralisation totally overprinted the isotopic history of the earlier 
formed muscovite, it is difficult to avoid the conclusion that the ironstones and the 
mineralisation are essentially the same age, within experimental error. 
The source of the mineralising fluids has not been identified directly, but the 
temporal relationship between the mineralisation at about 1825 - 1830 Ma and the 
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slightly older felsic magmatism at 1830 - 1845 Ma is significant. These ages are 
derived from different isotopic systems and agree to within 1 %, which lies within the 
uncertainty associated with the age of the flux monitor used in the Ar analyses (but not 
propagated through to the sample errors). Stable isotope evidence indicates a magmatic 
component in the hydrothermal mineralising fluid, and the magmatism probably also 
provides the thermal energy to drive hydrothermal circulation. A model suggesting a 
mechanism for the formation of the ore deposits is presented in Figure 6.3. 
Gold mineralisation in the Early Proterozoic Pine Creek Inlier has a close spatial 
relationship with the 1830 - 1800 Ma Cullen Batholith, and it is possible that felsic 
magmatism may be a common feature associated with gold mineralisation at that time. 
Irrespective of whether there was a continuous or intermittent evolution of the 
mineralised ironstones, the ironstones probably acted primarily as chemical traps which 
destabilised the subsequent auriferous fluid. It is therefore possible that gold 
mineralisation occurs in locations other than in association with ironstones. 
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Figure 6.3. Genetic model for the formation of the Tennant Creek ore deposits (from 
Huston et al, 1993). 
6.4. Regional Tectonic Evolution. 
The Tennant Creek Block, which is the subject of this geochronological 
investigation, is the oldest part of the Tennant Creek Inlier and represents the earliest 
Proterozoic basin developed in the region. To the n01th and southeast are slightly 
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younger basins, considered to have developed approximately simultaneously. To the 
southeast (in the Davenport Province) are the Hatches Creek Group, aged about 1840-
1820 Ma (Blake and Page, 1988, Page, pers. comm.). To the north are the Churchills 
Head Group, the lowermost part of which (the Flynn Subgroup) is similar in age to the 
volcanics of the Hatches Creek Group. Stratigraphically higher in the Churchills Head 
Group, the Hayward Creek and the Attack Creek Formations have maximum ages of 
-1785 and -1749 Ma. This creates problems with correlation between the Hatches 
Creek Beds and the Churchills Head Group, and it may be that the majority of the 
Churchills Head Group are younger than the Hatches Creek Beds. 
The basement to the Warramunga Formation is not known, so hypotheses of the 
earliest tectonic events in the Tennant Creek Inlier can only be speculative. By 1860 
Ma, however, large volumes of volcaniclastic turbidites, and felsic volcanics, were 
being deposited in a deep-water environment, presumably as a result of the rapid basin 
subsidence. Previously advanced hypotheses of the evolution of Early Proterozoic 
basins suggest this subsidence occurred in response to crustal extension and thinning 
(eg Etheridge et al, 1987). Within 20 my, the Warramunga Formation had been 
deformed (up to 40% shortening, Etheridge, pers com), intruded by granites (at 1850 
Ma), and uplifted prior to the deposition of the volcanics and sediments of the Flynn 
Subgroup. This implies that the regional tectonics changed from extensional to 
compressional during this time period. Ellis (1992) proposed that this may result from 
pre-existing continental plate motion overcoming the effects of the shorter-lived effects 
of, say, a mantle plume. (A mantle plume would have contributed heat, and uplift, to 
the base of the crust, and produce a characteristic suite of mafic and felsic magmatism 
(Hill et al, 1992) followed by crustal extension. An extensive suite of mafic volcanism 
has not been identified in the Tennant Creek area, but is recorded elsewhere in northern 
Australia associated with the Barramundi Orogeny.) There is no conclusive evidence in 
the Tennant Creek Inlier which either confirms or precludes the area having been 
formed by subduction-related tectonics. 
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Deposition of the felsic volcanics and sediments of the Flynn Subgroup (and 
perhaps the Hatches Creek Group) commenced by around 1845 Ma, and these basins 
continued to develop for up to 30 my. If these represent a return to a regional 
extension, then the Warramunga Formation (ie the Tennant Creek Block) may have 
remained as a geographical high during that time, as sedimentation and volcanism 
mainly occurred in the adjacent basins. The intrusion of felsic porphyry dykes during 
that period may have occurred along pre-existing fault structures, reactivated during 
adjacent basin subsidence. The majority of the Churchills Head Group appear to be 
younger than the Hatches Creek Group, suggesting that basin development continued 
only to the north of the Tennant Creek Block after about 1800 Ma. 
The younger isotopic ages obtained from within the Tennant Creek Block, 
especially the K-Ar and 40Ar-39 Ar data could represent local effects of the development 
of the northern basin, as fluids may be tectonically pumped along pre-existing faults. It 
is possible that the 1780-1760 Ma secondary muscovite from ironstones and the 
Mumbilla Granodiorite are reflecting the events. It may be very instructive to see 
whether there is any consistency between these ages and the timing of movement on 
some of the large faults, which are recognised to have been reactivated. 
6.5. Early Proterozoic Crustal Evolution 
The Early Proterozoic (2500-1600 Ma) has been identified as an important 
period for the worldwide growth of new continental crust (eg DePaolo, 1981, Wyborn 
1987, Etheridge et al, 1987, Hoffman, 1984, Patchett and Arndt, 1986, McCulloch, 
1987, Condie, 1990), and has been the subject of many geochronological investigations 
(cf Patchett, 1992, and references therein). 
The major orogeny which affected the Early Proterozoic of northern Australia 
occurred between 1880 and 1850 Ma ago (Page, 1988) and was preceded by the 
development of basins with distinctive, dominantly sedimentary, sequences (Etheridge 
et al, 1987). The orogeny is characterised by the deformation and regional 
metamorphism of these supracrustals, rapidly followed by intrusion of extensive 
geochemically homogeneous I-type, K-rich felsic magmas (Wyborn, 1988). The 
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coherent geochemistry and alleged paucity of inherited zircons of Archean age within 
many of these Early Proterozoic igneous rocks, combined with the almost total absence 
of rocks of Archean age in northern Australia, were taken to indicate that Archean rocks 
were not involved in the genesis of the Early Proterozoic orogenic belts (McCulloch, 
1987). 
Using geochemical and petrographic arguments, Wyborn (1988) showed that the 
felsic magmas were not derived from sources that contain significants amounts of 
sedimentary rocks and may have been derived from material underplated beneath 
Archean crust at about 2300-2000 Ma, based on Nd model-ages (McCulloch, 1987) and 
sparse zircon inheritance of that age (Page and Williams, 1988). The high-velocity 
zones in the lower crust, possibly containing a high proportion of gabbroic material, 
that are restricted to the Early Proterozoic orogenic belts (Drummond, 1988) may 
represent this underplated material, which was partially melted at about 1880 - 1840 Ma 
to produce the felsic magmas of the Barramundi Orogeny. 
The Archean xenocrysts therefore do not have a detrital provenance, and must 
represent an Archean crystalline component in the source. The source of the felsic 
magmas appears to be dominantly of Early Proterozoic age, based on the relative 
abundances of the ages of the xenocrysts, 100 to 600 Ma older than their host-rock 
crystallisation age, although these cannot be considered a reliable estimate. 
Recent ion-microprobe U-Pb zircon studies of other Early Proterozoic basins in 
Australia of similar age to the Tennant Creek Inlier have identified Archean and/or 
older Early Proterozoic aged zircons in the Pine Creek Inlier, the Mt Isa Inlier (Page 
and Williams, 1988), the Coen Inlier (Black, 1992) and the Broken Hill Block (Page, 
1992). 
6.6. Comparison with other Early Proterozoic Terranes 
There are notable similarities between the Tennant Creek Block and parts of 
Early Proterozoic terranes in Canada; in particular, the Wopmay Orogen and the 
Reindeer Zone of the Trans-Hudson Orogen. These terranes also preserve short-lived 
orogenies which, in part, have produced similar lithologies at close to the same time 
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(Figure 6.4). They are elongate belts considered to be subduction-related accretionary 
or collisional zones (Hoffman, 1989, and references therein), an interpretation 
facilitated by better exposure over much larger areas than the Tennant Creek Block 
(with a corresponding increase in exposed stratigraphy), and observable relationships to 
adjacent Archean terranes. 
U-Pb Zircon Ages (Ma) U-Pb Zircon Ages (Ma) 
Figure 6.4. Comparison of schematic chronostratigraphy of the Tennant Creek Inlier, 
northern Australia (centre) with the Kisseynew Belt in the Reindeer Zone of the Trans-
Hudson Orogen, and the Wopmay Orogen, nmth America. Histograms of U-Pb ages 
indicate approximate synchronicity of crustal development in these areas. 
The Wopmay Orogen contains the remnants of three magmatic arcs thought to 
be the products of subduction-related magmatism occurring at different stages of the 
regional tectonic evolution. These, from west to east (and oldest to youngest), are the 
Hottah Arc, the Hepburn Intrusive Suite, and the Great Bear Magmatic Zone. The 
Hottah Arc is considered to be the remnant of a subduction-related arc which collided 
with the western edge of the Slave Craton during the Calderian Orogeny at -1885 Ma 
(Hoffman and Bowring, 1984). It consists of a suite of dioritic to granitic plutons 
which range in age from 1936 ± 9 Ma to 1890 ±5 Ma (Hoffman and Bowring, 1984), 
and which intrude a variably metamorphosed sequence of volcanic and sedimentary 
rock of unknown age and affiliation. 
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A rift sequence of bimodal volcanics and elastic sediments, overlain by 
turbidites, occurs along the western margin of the Slave Craton and has a minimum age 
of ca 1900 Ma. The deformation, metamorphism and granitoid intrusion of this 
sequence also occurred during the Calderian Orogeny. Syn- to late-tectonic plutons of 
the Hepburn Intrusive Suite, varying from gabbros to garnet-bearing granites, constrain 
the age of the orogeny from 1896 ± 15 to 1878 ± 8 Ma (Hoffman and Bowring, 1984). 
The Hepburn Intrusive Suite is interpreted to result from subduction-related magmatism 
emplaced into an actively deforming foreland basin during collision between the Slave 
Craton and the Hottah Arc (Hoffman, et al., 1988). 
The Great Bear Magmatic Arc is the youngest arc of the Wopmay Orogen, and 
ranges in age from 1878 ± 12 to 1843 ± 5 Ma (Hoffman and Bowring, 1984). The 
Great Bear Magmatic Arc is considered to be subduction-related magmatism along a 
new continental margin after the accretion of the Hottah Arc to the Slave Craton 
(Hoffman and Bowring, 1984, Hildebrand et al, 1987). Magmatism has been divided 
into two episodes, separated by deformation: an earlier 1875 - 1860 Ma suite of mainly 
calc-alkaline rocks (basalt to rhyolite), intruded by biotite-homblende bearing plutons, 
and a postdeformational 1850- 1840 Ma suite ofplutons (Hildebrand et al, 1987). 
The Trans-Hudson Orogen is considered to "incorporate variably reactivated 
margins of 3 (or more) Archean paleoplatforms (and their rifted- to passive-margin 
wedges) and a variety of intervening accreted Early Proterozoic juvenile terranes" 
(Lewry and Collerson, 1990). Within the Reindeer Zone of the Trans-Hudson Oro gen, 
available age data suggests that the initial active-arc magmatism commenced at ca 1900 
Ma, and that terminal collision of these arcs, and their intervening juvenile terranes, 
with the Archean cratons occurred in the short interval of 1850 - 1800 Ma (Gordon, et 
al., 1990). Turbidite deposition commenced at ca 1890 and had ceased by 1875 Ma. 
Widespread plutonism between 1860 and 1845 Ma (the Wathaman batholith, and other 
plutons) represents cratonisation of a continental margin (Fumerton et al, 1984) and 
magmatism continued until ca 1815 Ma (Gordon, et al., 1990). 
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The Tennant Creek Block contains insufficient evidence to demonstrate any 
particular tectonic environment, the geological similarities with Early Proterozoic 
terranes elsewhere suggests that subduction-related tectonics may have been operating 
in Australia during that period. The temporal coincidence between these now widely 
separated regions also provides a tantalising hint of past proximity (Hoffman, 1991, 
Moores, 1991, Dalziel, 1991). 
6. 7. Conclusions 
The new data constrain the Barramundi Orogeny in the Tennant Creek Block to 
be short-lived, lasting about 20 Ma, from 1860 to 1840 Ma. 
(1) Basement to the Tennant Creek Block is not exposed, or known from 
drillcore. What ':vas previous1y considered to be the basement contains a variety of 
intrusive rocks aged from about 1840 to about 1827 Ma, which were metamorphosed 
and mylonitised by about 1700 Ma. 
(2) The volcaniclastic greywackes of the Warramunga Formation were 
deposited, probably in deep water, about 1860 Ma ago. They contain subpopulations of 
zircons aged ca 1910 and 1930 Ma, which may represent earlier components of the 
(sedimentary) basin formation. 
(3) The greywackes were intruded by voluminous, chemically homogeneous 
granites at about 1850 Ma. Some of the extensive felsic porphyry dykes associated 
with these granites have been intruded into wet, unlithified sediments (McPhie, 1991). 
(4) The Warramunga Formation was folded at about the same time as the 
granites were intruded, as many (but not all) of the granites carry a well-developed DI 
foliation. Many of the early felsic porphyry dykes appear to have been folded by this 
event. Although the hydrothermal ironstones associated with the gold mineralisation 
are located in D 1 structures, they are not produced during that deformation. 
(5) The lowermost volcaniclastic units of the Flynn Subgroup of the Churchills 
Head Group were deposited at about 1845 Ma. At close to the same time, additional 
felsic porphyry dykes, and post-tectonic granite, were intruded into Warramunga 
Formation sediments and the lowermost Flynn Subgroup. 
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(6) Part of the Flynn Subgroup (the Wundirgi Formation) was subjected to 
amphibolite facies metamorphism within a shear zone, whereas most of the Tennant 
Creek Block remains virtually unmetamorphosed. Deformation of the remainder of the 
Tennant Creek Block was restricted to two episodes of upright concentric folding. 
(7) Detrital zircons from the Tomkinson Creek Subgroup suggest that further 
igneous activity occurred at about 1785 and 1749 Ma, although rocks of these ages 
have not yet been recognised in the Tennant Creek Block. 
(8) The "Warrego granite", which failed to yield readily interpretable zircon 
data, the Gosse River East granite and lamprophyre dykes represent the youngest 
igneous activity in the Tennant Creek Block and were em placed at about 1700 Ma. 
(9) Inherited zircons identify a complex basement, which contains Archean 
material which was reworked, and/or added to, several times between 2.5 Ga and 1.9 
Ga. 
(10) The age of the mineralisation has been reliably constrained to about 1825 
Ma, coincident with waning of regional felsic magmatism. This suggests a genetic 
relationship with some of the magmatism of the Flynn Subgroup (late felsic porphyry 
and granite intrusions), an implication supported by stable isotope data. 
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APPENDIX 1 Sample Locations 
Grid references are for the Australian Map Grid, Zone 53. All sample locations are on the Tennant Creek I :250000 map sheet (SE 53/14), 
except for sample 93-862, which is located on the Helen Springs 1:250000 map sheet (SE 53/10). 
Table Al.1 (i) 
Field ANU U-Pb K-Ar Geochem. Lithology Location Sample Easting Northing 
Number Number Sample Sample Type 
90-TC-002 92-227 • • • Tennant Creek Granite Barkly Hwy Surface 431100 7849700 
90-TC-004 90-407 • • Tennant Creek Granite Devils Pebbles Surface 412100 7841150 
90-TC-006 90-408 • • Tennant Creek Granite Red Bluff Surface 392800 7841600 
90-TC-010 • FelsicPorohvrv White Devil mine Underground 382200 7845200 
90-TC-013 92-292 * • * FelsicPorohvrv White Devil mine _Underground 382200 7845200 
-- --
90-TC-018 • Gold Ore White Devil mine Underground 382200 7845200 
90-TC-019 • Gold Ore White Devil mine Underground 382200 7845200 
90-TC-022 92-289 * * Channingum Granite SE of New Hone Surface 444000 7819200 
90-TC-025 92-288 • * Cabbage Gum Granite South of Nobles Nob Surface 430600 7814000 
90-TC-028 92-231 * * Granite gneiss BMR3H158 662'-669' 385000 7819000 
90-TC-029 92-222 * gneiss BMR3,H 163 528'-536' 380000 7822000 
90-TC-030 92-285 * * oneiss BMR3,H 163 536'-545' 380000 7822000 
90-TC-032 94-104 • Dolerite BMR3,H 158 1245'-1266' 385000 7819000 
90-TC-033 92-233 * * * oneiss BMR 3,H 158 618'-627' 385000 7819000 
g 
;; 
~~ 
.._ 
~ 
-.i:.. 
Vi 
Table Al.I (ii) ~ 
::i 
Field ANU U-Pb K-Ar Geochem. Lithology Location Sample Easting Northing 
Number Number Samo le Samo le Type 
'" ~ 
._ 
90-TC-035 92-293 * * Felsic volcanic BMRDDH!O 189-195m 410600 7854500 ~ 
90-TC-040 92-291 * * Felsic porphyry BMRDDH5 251'-261' 405500 7828700 .. 
'j ;¥\ 
90-TC-048 92c2fi.lf * * * "W arrego" Granite BMRDDH7 272'-281' 373900 7850600 
90-TC-049 92-294 * * Felsic volcanic Exolorer 10 445'-456' 471300 7849400 
90-TC-054 92-287 • * Tennant Creek Granite Red Bluff (west) 73-74.5m 379900 7841800 
90-TC-055 92-286 • • Dolerite Red Bluff (west) 155.4-159m 379900 7841800 
90-TC-056 * Alt. Granite Red Bluff <west) 171-172.5m 379900 7841800 
90-TC-57 * Ironstone Na_vigator 11, D4A 145-148m 383500 7844900 
90-TC-067 * Gold Ore Warre•o mine S28 1413'-1419' 376300 7849000 
90-TC-069 * Felsic """'hv~ Warre•o mine S12 825' 376300 7849000 
90-TC-071 * Siltstone Gecko Mine Undernround 402200 7849700 
90-TC-073 * Conner Ore Gecko Mine Underground 402200 7849700 
90-TC-078 92-220 * Gold Ore Warrern mine 6/8320/32 99-!0lm 376300 7849000 
90-TC-081A 92-290 * * Felsic nornhvrv Yfestof~ Surface 413200 7826900 
90-TC-083 92-228 * * Gold Ore White Devil DDH 391 262.5-268.5m 382200 7845200 
90-TC-085 92-295 * * Sediment White Devil DDH 146 151.5-154m 382200 7845200 
90-TC-086 * Felsic norohvrv White Devil DDH 146 155.7-157 382200 7845200 
-!>-
°' 
Table Al.I (iii) 
Field ANU Zircon K-Ar Geochem. Lithology 
Number Number Sample Sample 
90-TC-088 * Gold Ore 
90-TC-089 92-229 * Gold Ore 
90-TC-091 92-29f • * Altered tuff 
90-TC-094 92-223 * Lamoroohvre 
90-TC-095 * Sandstone 
90-TC-096 92-224 * * * Lamoroohvre 
90-TC-103 92-232 * • CJO!d Ore 
90-TC-104 92-221 • • Gold Ore 
90-TC-106 92-299 * * * Gold Ore 
90-TC-107 92-230 • biot-ma• 
90-TC-112 92-219 • * • Mumbilla Granodiorite 
90-TC-113 92-296 * • Sediment 
91-TC-01 92-226 * "WarreJ?:o" Granite 
92-TC-02 * Felsic POl]lhyry 
92-TC-03 * Felsic ~mhyry 
Location Sample 
Type 
White Devil DDH 78 248-250m 
White Devil DDH 457 46-49m 
Gecko Mine 5/9330/2 21-25m 
Exolorer 50, DH3 297-308m 
Exolorer 50. DH3 330-331m 
Exolorer 50, DH2A 253-254m 
Eldorado 2, DH 43 155-159m 
Eldorado 2, DH 20C 173.5-177.3m 
Eldorado 2, DH 15 146-154m 
Navi2ator 6, DH! 473'-480' 
Seismic Arrav Surface 
Eldorado 2, DH 15 121m 
east of Warre20 mine 103m 
near Bemborouoh mine 
Black Anoe!, DDH 5 117m 
Easting 
382200 
382200 
402200 
408565 
408565 
408565 
415200 
- 415200 
415200 
382200 
432100 
415200 
373400 
410500 
386600 
Northing 
7845200 
7845200 
.. ---
7849700 
7826250 
7826250 
7826250 
7821700 
7821700 
--
7821700 
7845200 
7798200 
7821700 
7849100 
7852500 
7844300 
~ 
~ 
~ 
.._ 
~ 
-.... 
__, 
Table Al.I (iv) 
Field ANU Zircon K-Ar Geochem. Lithology 
Number Number Sample Sample 
92-TC-04 94-105 * Felsic oomhvrv 
92-TC-07 * "Granite". ·-
- - --·--·--
92-TC-15 93-709 * * Svenite 
92-TC-21 93-861 * * * Gabbro 
92-TC-23 * Felsic oomhvrv 
92-TC-25 92-555 * Gold Ore 
92-TC-26 92-556 * Gold Ore 
92-TC-28 92-557 * Gold Ore 
·-·- ---- --
92-TC-31 * Felsic oorohvrv 
92-TC-33 92-558 * lJOld Ore 
92-TC-37 92-559 * lJOld Ore 
92-TC-38 * oranite 
92-TC-39 * oranite 
92-TC-40 * alt. porphy1y7_ _____ -
92-TC-41 * oranite 
Location Sample 
Type 
Exnlorer69 ?Om 
.Explorer 36 300m 
--- -
Gosse R east, DOH 405 150m 
South of Nobles Nob surface 
Intrudes Bemborough Fm surface 
Juno mine undernround 
Juno mine undernround 
Argo mine underground 
Golden Fortv mine underground 
TC8mine undernround 
Pekomine under2round 
Gosse River I north) surface 
Gosse River (north) surface 
South of Red Bluff surface 
South of Red Bluff surface 
Easting Northing 
375600 7848700 
375900 7863200 
474900 7802700 
433300 7813100 
413200 7855100 
420200 7820200 
420200 7820200 
418900 7824300 
428500 7822200 
413300 7825700 
424900 7824000 
454900 7820000 
456700 7819900 
391100 78_34500 
388700 7832600 
0 
::: 
,.~ 
~ 
.... 
~ 
-
"""' 00 
Table Al.I (v) 6l ;:; 
Field ANU Zircon K-Ar Geochem. Lithology Location Sample Easting Northing 
Number Number Sample Sample Type J ._ 
92-TC-42 • 2ranite Gas oin<>line surface 390900 7824700 ~ 
92-TC-43 83-863 * * monzodiorite Last Hope area surface 3?2500 7863300 __ , ..... _ --·-~--· .. 
92-TC-47 93-862 * Siltstone Tomkinson Ck Sub2rour surface 380700 7675200 
92-TC-49 92-560 * Gold Ore Nobles Nob onen-oit ooen cut 425400 7819700 
92-TC-50 92-561 * Gold Ore Nobles Nob On<>n-oit on<>n cut 425400 7819700 
-!5 
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APPENDIX 2. Sample Preparation and Data Reduction 
1. Mineral Separation Techniques for Isotope Analysis. 
1.1. Zircon Sample Preparation for U-Pb Analysis 
150 
Samples for zircon analysis, weighing 0.5 - 2.5 kg, were crushed to pass a 250 
µm sieve and washed to remove fines. Felsic minerals (quartz, feldspar, muscovite) 
were then removed using tetrabromo-ethane (density= 2.96 g/cm3) and magnetite was 
then removed from the heavy fraction with a hand magnet. Methylene iodide (density 
= 3.3 g/cm 3) was used to remove mafic minerals (biotite, chlorite, some amphibole), 
and zircons (density= 4.6-4.7 g/cm 3) finally concentrated on an isodynamic magnetic 
separator. In some cases, excess sulphide minerals were removed by a nitric acid 
digest. Zircons were handpicked to >99% purity and mounted in epoxy, polished in 
half, and photographed microscopically prior to analysis. 
1.2. Baddeleyite Sample Preparation for U-Pb Analysis 
Baddeleyite (density = 5.5-7.0 g/cm 3) is the zirconium-bearing phase in mafic 
igneous rocks, where it may appear relatively abundant in thin section. Unfortunately, 
it is notoriously difficult to obtain baddeleyite concentrates by conventional mineral 
separation techniques such as those applied to zircon-bearing samples, even though it 
has similar physical characteristics to zircon. It appears that baddeleyite, which has a 
platy to acicular habit, is brittle and therefore vulnerable to shattering during crushing. 
It may be that much material is lost with the fines during desliming, and by becoming 
entrained with lighter minerals during heavy liquid separation. In particular, nitric acid 
(HN03) decomposition of sulphide minerals in the heavy mineral concentrate should be 
avoided, as baddeleyite, although apparently resistant to nitric acid, is decomposed by 
sulphuric acid (H2S04), which is a product of the nitric acid - pyrite reaction (Deer, 
1966). 
To avoid these problems (confirmed by carefully treating 2.5 kg of <250 µm 
fraction of crushed rock by the above procedure), -300 g of the sample was coarsely 
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crushed and most of the silicate minerals removed in a hydrofluoric acid (HF) digest. 
The residues were carefully washed to remove the resulting silica gel and all traces of 
HF. Remaining silica gel was floated off in tetrabromoethane and the final concentrate 
purified by electromagnetic separation and hand picking. Insufficient material was 
obtained for a conventional isotope dilution U-Pb analysis. 
1.3. Biotite Sample Preparation for K-Ar and 40Arf39Ar Analyses 
Samples for K-Ar and 40Ar/39Ar analysis (weighing 1 - 3 kg) were crushed to 
pass a 400µm sieve, and the 250 - 180 and 180 - 125 µm fractions were collected, and 
washed (in an ultrasonic bath to break up composite grains) to remove fines. 
Depending on the sample, one or both of these fractions was subjected to heavy liquid 
mineral separation techniques using tetrabromoethane (density = 2.96 g/cm3) and 
methylene iodide (density = 3.3 g/cm3). Biotite (density = 2.70-3.3 g/cm3) was 
concentrated in the 2.96 - 3.3 g/cm 3 fraction. Magnetite was remove with a hand-
magnet, and chlorite by an isodynamic magnetic separator. Granular and chloritic 
contaminants were removed by careful crushing with a hand roller followed by washing 
to remove fines. Dry panning to exploit the platy and electrostatic properties of mica 
further reduced contamination by granular minerals, which tend to roll off a vibrating 
tilted watch-glass (or sheet of paper). 
Although chloritic alteration of biotite occurring along grain boundaries and 
cleavage planes was impossible to eliminate, sample purity in excess of 95% was 
achieved. 
1.4. Muscovite Sample Preparation for K-Ar and 40Ar/39Ar Analyses 
Owing to the high proportion of magnetite and/or chlorite in many of the 
mineralised samples, considerable difficulty was experienced in obtaining a clean 
separate muscovite from those samples. In these cases magnetite was removed by 
either a hand-magnet or a Carpco electromagnetic separator after crushing and sieving 
as for biotite. Felsic minerals such as quartz were removed by modifying the density of 
tetrabromoethane to 2.70 g/cm3 by the addition of acetone (density= 0.8 g/cm3), with 
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muscovite being concentrated in the 2.70 - 2.96 g/cm 3 fraction. Owing to the presence 
of microscopic magnetite inclusions in the muscovite grains of some samples, neither 
the heavy liquids nor the electromagnetic separator were able to produce clean 
concentrates as the inclusions altered both the density and magnetic susceptibility of the 
desired mineral. However, cycling the sample through several repetitions of these and 
other techniques, such as crushing by hand-roller, washing in an ultrasonic bath, and 
vibrating on a tilted watch-glass, sample purity was improved to > 95 % prior to 
handpicking. 
A few samples contained veins of medium to coarse muscovite, considered to be 
paragenetically related to the gold mineralisation, which was initially separated from 
the chlorite-magnetite host rock by a dental drill. This had the advantages of ensuring 
that the sample was not contaminated by muscovite associated with the ironstone lode 
alteration assemblage as well as reducing the mass of the sample to be treated. 
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2. Baddeleyite Data Reduction Procedure 
2.1. Introduction 
Ion-microprobe analyses are performed by referencing the mineral of unknown 
isotopic composition to an identical one which is well characterised. The standard Sri 
Lankan zircon, routinely used at the RSES, is a large, almost homogeneous, crystal 
with concordant U-Pb systematics. Baddeleyite analyses are not quite as straight-
forward as are those of zircon in that there is not a well-characterised, homogeneous, 
single grain, baddeleyite standard. The multigrain baddeleyite standard used here, TK-
82-8, has a 0.7% discordant 206pbJ238U age of 1131 Ma and a U content of 300 ppm, 
based on a multigrain conventional U-Pb analysis (Roddick, pers comm). 
2.2. Procedure 
The following procedure for data reduction is similar to that employed for 
zircon SHRIMP analyses, which has been incorporated into the RSES-developed 
software "LLEAD" and other derivatives. These programs are written specifically for 
zircon data reduction, so the following procedure was executed in the commercial 
spread-sheet program Kaleidagraph™ (version 3.0). This is preferred over other 
commercial spread-sheet software as it provides easy graphical and statistical 
consideration of the data. 
In the following notation, c = common, * = radiogenic, m = measured, f = 
proportion of common Pb, cps =counts per second, unk = unknown, st= standard. 
1/ Data assessment 
The raw data is assessed for homogeneity, a statistical f-test is applied to the 
variability of the individual observation (ie of each of the 5 or 7 scans through the 
runtable). This procedure is run through the RSES developed software "PRAWN". 
Required output from this includes isotopic and elemental ratios and total counts for 
206Pb. 
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21 Common Pb correction 
For the standard baddeleyite the coomon Pb composition of Broken Hill is used, 
where (204/206)c = 0.0625, and (208/206)c = 2.2285 (This is justified in this case by 
the high 204pb counts from the standard plug inserted into the grain-mount.) 
For the sample baddeleyite, assuming an age of 1810 Ma, (207/206)c = 0.9567 
206m = 206* + 206c (1) 
207m = 207* + 207c 
208m = 208* + 208c 
204m = 0 + 204c 
divide (2) by (1) (207/206)m = (207* + 207c)/206m 
now, for notation, R = 207/206, R8 = 208f206 
For the 204 correction f = 206J!06m = (204/206)m/(204/206)c 
(1 _ f) = 206.f206m 
Rm =R•(l - f) +Re. f 
(2) 
(3) 
(4) 
(5) 
(6) 
= (207*/206*).(206*/206m) + (207c/206c).(206c/206m) 
For the 208 correction rearrange (6), and let (208/206) = R8 
f = (R8m - R8*) I (R8c - R8*) (7) 
Now R8* requires that we know the 232/238 for sample, and we can then 
calculate the 208*/206*. In practice, this is worked out from the ion-probe analyses 
using the observed mass-discrimination between UO and ThO (which are measured). 
(208*/206*) = (ThO/UO) .factor (eAz32t - l)/(el.z3st- 1) 
for t = 1.139 Ga; this becomes = (ThO/UO) .factor 0.3 
fort= 1.810 Ga; this becomes = (ThO/UO) .factor 0.289 
We can determine factor = (208*/206*) I (ThO/UO) I 0.289 by using the 
f value obtained from the 204 correction. In this case, owing to high 204pb counts on 
the standard (surficial contamination), the baddeleyites of unknown age were used to 
determine the discrimination factor, as 1.03, assuming an age of 1810 Ma for those 
grains. (For zircon, the discrimination factor is 1.11.) When the mass discrimination 
factor is known, then the 208 correction becomes independent of the common 204Pb. 
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So now we can calculate the corrected data 
204 corrected (207/206)* = ((207/206)m - f204. (207/206)c) I (1- f204) 
where f204 = (204/206)m I 0.0625 
20S corrected, fort= 1.810 Ga RS*= (208*/206*) = (ThO/UO) .factor 0.2S9 
and f2os = (R8m - RS*) I (RSc - RS*) 
155 
so (207/206)* = ((207/206)m - f20s. (207/206)c) I (1 - fzos) 
Now, we can calculate the corrected Pb*/U (still as the measured ratio, not yet 
referenced to the standard) 
206*/238 = (206m/U) . (1 - fzos); 
3/ Calculate the U content 
This calculation requires that we assume that the measured U content of the 
multigrain standard, as determined by isotope dilution, will be approximated by the 
mean (or median) of the ion-microprobe analyses. For this, we use natural logarithms, 
as the calibration relationships follow a Power Law. We require ln(UO/U) and 
ln(U/Zr20), that is ln(l I Zr20/U), these are measured. 
Calculate the U contents by normalising to the standard, after calibrating 
U ppmunk = U ppms1. (U/Zr)unk I (U/Zr)si 
u+cps = (206 counts I 50) I (206/U)m; the 50 comes from algebra & count-times 
ZrzO+cps·= (ZrzO/U). U+cps 
normalise to median U+cps by using norm(lnU/Zr) =slope. (Xn - Xi)+ Yi, 
where X = ln(U/Zr), and Y = u+cps, and the slope is obtained by plotting the 
variables to be normalised 
Check for any correlation between normalised ln(Zr/U) and ln(UO/U); (we don't want 
to see any) and then determine the mean and median ln(Zr/U) for standard; use median 
value and convert back to (Zr/U). In this case, (Zr/U)s1=0.3015 
U ppmunk = 301I(Zr/U)unkI0.3015 
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41 Calculate real 206/238 ratio 
To do this, we normalise the ln(Pb/U) of the standards to the median ln(UO/U) 
of the standards 
That is Y n = Yi + slope . (Xn - Xi); We obtain the slope 
from plotting the variables to be normalised, where X = ln(UO/U), and Y = ln(Pb*/U) 
For these baddeleyite, Xn = 1.1616, and slope = 1.3385 
Now we must decide which of the standard analyses are to be used in the 
calibration, and determine their mean Pb+fU+ value (or use median). This is done by 
assessing the scatter of the standard analyses, and rejecting statistical outliers (if 
required). 
For the standard baddeleyite, TK-82-8, as analysed in the session, we obtain 
Pb+fU+ = 0.1143, and then equate that to the value obtained by isotope dilution 
(0.191938). 
Y =isotope dilution value, y =ion-probe value 
rearrange 
206/238 = 0.191938. Yunk I 0.11430 
51 Calculate the ratios of the other isotopes 
This is done by simple algebra, as follows. (The common-Pb corrected 
207pbf206Pb value was calculated above, in the common-Pb section.) 
207*/235 = (206*/238). (207/206)*. (238/235) where 238/235 = 137.881 
208*/232 = (206*/238) . (208/206)*. (238/232). 
61 Error propagation 
Errors are propagated quadratically throughout. The errors in these calculations 
are dominated by the errors in the counting statistics, and requires more complex 
algebra than the above manipulation of ratios. 
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2.3. Example of Procedure 
The following is the Kaleidagraph "posted note" used for baddelyite data 
reduction:-
m2=0. 049475; 208-CORR Baddeleyite 
Unknown, first input to C12 the calibrated 6*/38 
obtained from the standard data reduction. 
m5=0.98485; assign decay constants to memory, adjust 
order of 
m8=0.155125; magnitude to correspond with time in Ga. 
m46=1/(9.307+8.8*(exp(m8*4.5)-exp(m8*cll))); assign 
common Pb values to memory 
m76=(10.294+8.8/137.88*(exp(m5*4.50)-
exp(m5*cll)) )*m46; 
m86=(29.476+3.8*8.8*(exp(m2*4.50)-exp(m2*cll}})*m46; 
c15=7*c13; 
name("scans",c15); number of scans in data collection 
c16=2*c13; 
name("time 196",c16); count time for Zr20 
c17=40*c13; 
name("time 204",cl7); count time for 204Pb 
c18=10*c13; 
name ("time zero", cl8) ; count time for background 
c19=6*c13; 
name("time 206",c19); count time for 206Pb 
c20=25*c13; 
name("time 207",c20); count time for 207Pb 
c21=10*c13; 
name("time 208",c21); count time for 208Pb 
c22=5*c13; 
name("time 238",c22); count time for 238U 
c23=5*c13; 
name("time 248",c23); count time for ThO 
c24=2*c13; 
name("time 254'',c24);count time for UO 
c25=c6/c7*1.03; 
name("232/238",c25); Th/U ratio (mass disc factor= 
1.03, derived previously) 
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c26=((cl9/cl0*c5*(1/c23/c6+1/c24/c7))A.5)*c25; 
name("±232/238",c26); error in Th/U ratio 
(complicated algebra!) 
c27=c25*(exp(m2*cll)-l)/(exp(m8*cll)-l); 
name("rad8/6",c27); calculate from corrected Th/U and 
decay constants 
c28=c27*c26/c25; 
name("±rad8/6",c28); 8/6 errors follow from Th/U 
errors 
c29=(c3-c27)/(m86-c27); 
name("f 8-corr",c29); f208 = (R8m - R8*)/(R8c - RS*) 
c30=(1/((m86-c27)A2)*(c3A2)/clO*(l+cl9/c21/c3)+((c3-
m86)/((m86-c27)A2))A2*(c28A2))A.5; 
name("±f 8-corr",c30); quadratic propagation of 
errors 
c31=(1-c29)*c5; 
name("rad206/U",c31); corrected for common Pb 
c32=ln(c31); 
name("ln y*",c32); ln(radPb/U) for plotting 
c33=ln(c7); 
name("ln x",c33); ln(UO/U) 
c34=cl2+1.34*c33; 
for plotting 
name("expected lny*",c34); calculated ln(radPb/U) for 
observed ln(UO/U), if calibrated to line with slope 
of 1. 34 
c35=exp(c32)/exp(c34)*.191938; 
name("206*/238",c35); equate observed Pb*/U value 
with "real" value 
c36=( (c30/(l-c29) )A2+1/cl0*(l+c5*cl9/c22) )A0.5; 
name ( "±2 06 *I 238", c3 6) ; errors in corrected value 
c37=(c2-c29*m76)/(l-c29); 
name("207*/206*",c37); calculate corrected 7/6 value 
c38=(c2A2/cl0*(l+cl9/c20/c2)+m76A2*c30A2)A.5; 
name("±207*/206*",c38); error in 7/6 
c39=c35*c37*137.881; 
name("207*/235",c39); calculate corrected 207/235 
value 
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name("±207*/235",c40); error in 207/235 value 
c41=ln(l+c35)/m8*1000; 
name( "6/38 age" ,c41); calculate 6/38 age (Ma) 
c42=1/(l+c35)/m8*1000*c35*c36; 
name("±206*/238 age",c42); error in 6/38 age (Ma) 
;c43= 
name("207/206 age",c43); add 7/6 age (Ma) 
;c44= 
name("±207/206 age",c44); add error in 7/6 age (Ma) 
c45=ln(l+c39)/m5*1000; 
name("207/235 age",c45); calculate 7/35 age (Ma) 
c46=1/(l+c39)/m5*1000*c39*c40; 
name("±207/235 age",c46); error in 7/35 age (Ma) 
c47=cl/m46; 
name("f 4-corr",c47); f204 
c48=( (c8/c17/c17*(1-c8/clO)+c9/c18/c18*(1-
c9/clO))A.5)*c19/clO; 
name ( "±Pb4 I 6" , c4 8) ; more errors 
c49=c48/m46; 
name ( "±f 4", c49); more errors 
c50=301/c4/.3015; 
159 
name("U ppm",c50); U contents, normalised to standard 
U ppm = 301 
c51=(c36A2++(c35*.017)A2)A.5; 
name("±6/38+calib",c51);include calibration error in 
6/38 error 
c52=(c40A2++(c39*.017)A2)A.5; 
name ( "±7 /35+calib", c52) ; include calibration error in 
7/35 error 
c53=c50*c25; 
name ("Th ppm", c53) ; calculate amount Th 
c54=c50*c35*c1*1000; 
name("204 ppb",c54);calculate amount 204 
c55=c29*100; 
name( "%com206" ,c55) ;% common 206, from f value 
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APPENDIX 3. Isotopic Data. 
Table A3.1. Data tables for individual U-Pb analyses, corrected for common Pb and 
Pb-hydrides (where indicated). 
Table Sample ANU 
number 
Table A3. l.1 White Devil greywacke 92-295* 
Table A3.l.2 Eldorado greywacke 92-296* 
Table A3. l.3 Gecko mine tuff 92-297 
Table A3.l.4 Eldorado mineralisation 92-299 
Table A3. l.5 Mumbilla Granodiorite 92-219 
Table A3.l.6 Tennant Creek Granite (nth) 92-227 
Table A3.l.7 Tennant Creek Granite (sth) 90-407 
Table A3.l.8 Tennant Creek Granite at Red Bluff 90-408 
Table A3.1.9 Tennant Creek Granite at Red Bluff (west) 92-287* 
Table A3.1.!0 Cabbage Gum Granite 92-288 
Table A3.1.ll Porphyry at White Devil mine 92-292* 
Table A3.1.12 Porphyry at Peko smelter 94-105 
Table A3.l.13 Gabbro 93-861 
Table A3.1. l 4 Monzodiorite 93-863 
Table A3.1.15 Dolerite 92-286 
Table A3.1. l 6 Lamprophyre 92-224 
Table A3.1.l 7 Channingum Granite 92-289 
Table A3.1.18 "Warrego" granite 92-218 
Table A3.1.19 Gosse River East granite 93-709* 
Table A3.1.20 Porphyry at Jubilee area 92-291 
Table A3.1.2 l Bernborough Formation 92-294 
Table A3.1.22 Bernborough Formation 92-293 
Table A3.1.23 Hayward Creek Formation quartzite 92-298 
Table A3.l.24 Attack Creek Formation siltstone 93-862 
Table A3. l.25 Wundirgi Formation (?granite) 92-233. 
Table A3.1.26 Wundirgi Formation (?dyke) 90-285. 
Table A3. l.27 Dolerite dyke* 94-104 
Table A3. l.28 Inheritance in the Tennant Creek Granite 90-408 
and an 1850 Ma felsic porphyry 92-290 
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Table A3.1.1. 
greywacke. 
U-Pb analytical data for zircons from Warrumunga Formation 
Sample 92-295 - White Devil mme drillcore. 
Grain U Tu 1MJ 204 Pb % com 206 Pbt238 u 207 Pbt235 u 207 Pbt206Pb 
(± 1 cr) 
207 Pb/206 Pb 
Age (Ma ±lcr) (spot) ppm ppm ppb 206Pb (± 1 a) (± 1 a) 
1.1 164 104 0.64 
2.1 138 134 0.97 
3.1 198 261 1.32 
4.1 414 59 0.14 
5.1 482 333 0.69 
5.2 237 113 0.48 
6.1 261 103 0.39 
7.1 410 148 0.36 
8.1 134 71 0.53 
9.1 102 59 0.58 
10.l 215 83 0.39 
11.l 200 107 0.54 
12.1 142 140 0.99 
13.1 2ll 134 0.64 
14.l 143 88 
15.1 173 135 
16.1 229 118 
17.1 161 108 
18.1 389 118 
19.1 126 75 
r-=c20=·~l +-'2~4~5 - ll 4 
21.1 343 168 
22.1 341 159 
0.61 
0.78 
0.51 
0.67 
0.30 
0.60 
0.46 
0.49 
0.47 
5 0.16 0.323±0.008 5.050±0.140 0.1136±0.0012 1857±19 
11 0.46 0.335 ± 0.008 5.385 ± 0.157 0.1165 ± 0.0015 1903 ± 23 
10 0.28 0.324+0.008 5.117±0.141 0.1144+0.0011 1870± 18 
4 0.03 0.600 ± 0.015 19.178 ± 0.478 0.2319 ± 0.0008 3065 ± 6 
39 0.84 0.178 ± 0.004 2.941± 0.079 0.1201±0.0011 1957 ± 16 
3 0.07 0.326±0.008 5.317±0.140 0.1182±0.0009 1929± 13 
3 0.06 0.341±0.008 5.338±0.139 0.1137±0.0007 1859± 12 
5 0.o7 0.344 ± 0.008 5.418 ± 0.138 0.1142 ± 0.0006 1867 ± 10 
3 0.14 0.293±0.007 4.636±0.132 0.1147±0.0013 1875±21 
2 0.11 0.345±0.009 5.122±0.148 0.1078±0.0013 1763±22 
47 1.15 0.350 ± 0.010 5.797 ± 0.188 0.1200 ± 0.0014 1956 ± 21 
0 -0.00 0.339 ± 0.010 5.373 ± 0.166 0.1148 ± 0.0009 1877 ± 14 
o.oz 0.328±0.010 5.061 ±0.162 0.1120±0.0012 1832± 19 
4 0.12 0.319±0.009 4.944±0.155 0.1123±0.0010 1837±16 
4 0.16 0.323 ± 0.009 5.125 ± 0.164 0.1151±0.0012 1881±18 
1 0.0Z 0.329±0.010 5.223±0.164 O.!l53±0.00IO 1884±16 
3 0.o7 0.359±0.010 6.096±0.187 0.1232±0.0009 2004± 13 • 
2 0.08 0.328±0.010 5.111±0.162 O.ll30±0.00!l 1848± 17 
2 o.oz 0.415 ± 0.012 8.337 ± 0.248 0.1459 ± 0.0007 2298 ± 8 
2 0.08 0.361±0.011 6.355 ± 0.202 0.1275 ± 0.0012 2064± 17 
3~+-~o.~04'--ro~.4~9~4~±~0~.0~1~4+.o1~2.~07~5~+~o~.3~6~2-+-'o~.l~7~7~1±"-"o~.000~9_,__~2~62~6~±~8'----i 
3 0.05 0.318±0.009 4.925±0.149 0.1123±0.0007 1836±ll 
3 0.04 0.427 ± 0.012 8.838 ± 0.263 0.1501+0.0007 2347 ± 8 
23.1 576 198 0.34 41 0.56 0.234±0.007 4.353±0.131 0.1350±0.0009 2164± 11 
23.2 555 310 0.56 19 0.30 0.213 + 0.006 4.088 + 0.123 0.1391+0.0009 2216 ± 11 
24.1 46 43 0.93 6 0.51 0.469±0.015 10.738±0.387 0.1660±0.0025 2518±25 • 
25.1 126 128 1.01 3 0.13 0.315 ± 0.009 4.879 ± 0.158 0.1122 + 0.0012 1835 + 20 
>-"'26~·~1-+-'3~1~4_,_=2'~-8'--'~o~.7~._,-~2~+-o~.=03~ro~.3~5=2~±~0~.0~1=0+-'5~.s~2~6=±~0~.1=6~6-+-'o~.1~1~39~±~0~.000~1_,___1~s~6~3=±~1~1_, 
27.l 151 90 0.60 1 0.05 0.324±0.009 5.113±0.163 0.1146±0.00!l 1874+18 
28.1 103 98 0.% 3 0.14 0.340±0.010 5.197±0.171 O.ll09±0.0013 1814±21 
29.1 326 74 0.23 2 0.04 0.334±0.010 5.189±0.156 O.ll28±0.0007 1845± 11 
30.l 290 179 0.62 4 0.ll 0.276±0.008 4.420±0.136 0.1160±0.0009 1895± 14 
31.1 129 93 0.72 3 0.12 0.316±0.008 5.036±0.144 O.ll55±0.0012 1888±18 
32.1 524 150 0.29 4 0.05 0.263±0.007 4.204+0.IIO O.ll60+0.0006 1895+9 
33.l 197 102 0.52 5 0.15 0.322±0.008 4.953±0.137 0.!ll5±0.0009 1825± 16 
34.1 258 151 0.'.:9 5 0.12 0.310 ± 0.008 4.798 ± 0.130 O.ll23 ± 0.0008 1837 ± 13 
35.1 ll2 95 0.85 2 0.12 0.321±0.008 5.185±0.151 O.ll72±0.0013 1915±20 • 
36.1 266 222 0.83 2 0.04 0.313±0.008 4.870±0.131 O.ll29±0.0008 1846± 12 
37.1 235 155 0.66 O O.Dl 0.298±0.007 4.708±0.128 O.ll45±0.0009 1872± 14 
38.1 565 188 0.33 9 0.10 0.297 ± 0.007 4.664 ± 0.122 O.!l38 ± 0.0006 1861±9 
39.l 226 165 0.73 2 0.05 0.306 ± 0.008 4.709 ± 0.130 0.1115 ± 0.0009 1824± 16 
40.1 158 ll9 0.76 4 0.16 0.315±0.008 4.554±0.131 0.1049±0.0011 1713±20 ~ 
40.2 164 158 0.96 2 0.o7 0.277 ± 0.007 4.390 ± 0.123 O.ll51±0.0010 1882±16 
41.1 186 78 0.42 2 0.o7 0.324+0.008 4.870±0.135 0.1090+0.0009 1782± 16 
42.1 261 148 0.56 2 0.05 0.315 ± 0.008 4.675 ± 0.127 0.1076 ± 0.0008 1759±14 
43.1 167 150 0.90 2 0.05 0.317±0.008 5.028±0.139 0.1150±0.0010 1880 + 15 
44.1 454 117 0.26 3 0.03 0.364±0.009 6.854±0.177 0.1364±0.0005 2182±7 • 
45.1 382 262 0.69 3 0.05 0.332±0.008 5.145±0.135 O.ll23±0.0006 1837 ± 10 
46.1 401 175 0.44 3 0.06 0.283±0.007 4.496+0.1!8 O.ll50±0.0006 1881 +IO 
47.1 248 144 0.58 4 0.09 0.321 ±0.008 5.049±0.137 0.1140±0.0009 1864±14 
l--'-48=. ~1 +'1"'5"-3 +--'9-=2-1-_,o"'. 60~+---_,1_+-o"'.04"-'---l-'o"'.3"'2"'3 ""±_,o"'. o"'o~8 +-=5=.145 ± o .144 o. !l 57 ± o. oo 11 
49.l 215 91 0.42 0 0.00 0.319 ± 0.008 5.032 ± 0.136 0.1143 ± 0.0008 
1890±10 
--
1869±13 
50.1 273 208 0.76 3 0.06 0.325±0.008 5.108±0.137 O.!l40+0.0008 1865 ± 12 
51.1 196 211 1.08 3 0.08 0.325±0.008 5.204±0.142 0.!l62±0.0009 1899+ 14 
52.1 331 180 0.55 1 0.02 0.311 ±0.008 4.968+0.!31 0.1157±0.0006 1890±10 
53.1 174 108 0.62 3 0.1! 0.317+0.008 5.047±0.141 0.1155+0.0010 1888±16 
• Indicates analyses excluded for the pooled mean 207pb/206pb age. 
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Table A3.1.3.1 (cont). U-Pb analytical data for zircons from Warrumunga Formation 
greywacke. 
Sample 92-295 - White Devil mine drillcore. 
Grain Uppm Th ppm Th/U 204Pb %com 206pbJ238u 201Pbt235u 207 Pb/206 Pb 207 Pbt206 Pb 
(spot) ppb 206Pb (±la) (± 1 cr) (± 1 cr) Age (Ma ±lcr) 
54.1 234 155 0.66 1 0.03 0.315 ± 0.008 4.976 ± 0.136 0.ll45 ± 0.0009 1872 ± 15 
55.1 474 266 0.56 3 0.03 0.331 ± 0.008 5.362 ± 0.139 0.1176 ± 0.0005 1919 ± 8 
56.l 336 189 0.56 0 -0.01 0.454 ± O.Oll 10.158 ± 0.264 0.1621±0.0007 2478 ± 7 
57.1 189 123 0.65 0 -0.00 0.283 ± 0.007 4.692 ± 0.130 0.1202 ± 0.0010 1959±15 
58.1 212 88 0.42 2 0.06 0.326 ± 0.008 5.093 ±0.139 0.1133 ± 0.0009 1853 ± 14 
59.1 240 72 0.30 0 0.01 0.336 ± 0.008 5.351±0.144 0.1157 ± 0.0008 1890 ± 12 
60.l 170 84 0.50 4 0.14 0.319 ± 0.008 4.965 ± 0.138 0.1129 ± 0.0010 1846±16 
61.l 271 178 0.66 5 0.10 0.316 ± 0.008 4.880 ± 0.131 0.1119 ± 0.0008 1830± 13 
Table A3.l.2. U-Pb analytical data for the zircons from Warrumunga Formation 
greywacke. 
92-296 - Eldorado prospect drillcore. 
Grain Uppm Th ppm Th/U 204pb %com 206Pbt23Su 201Pbt235u 207 Pbt206 Pb 207 Pb/206 Pb 
(spot) ppb 206Pb (±I a) (± 1 a) (± l cr) Age (Ma ±lcr) 
6.2 262 242 0.92 31 0.64 0.342 ± 0.011 5.344 ± 0.206 0.1133 ± 0.0018 1854 ± 29 
8.1 206 94 0.46 12 0.32 0.338 ± 0.011 5.078±0.190 0.1089 ± 0.0015 1781±26 
9.1 254 109 0.43 10 0.24 0.296 ± 0.010 4.641±0.172 0.1138 ± 0.0015 1860 ± 24 
10.1 251 223 0.89 24 0.51 0.347 ± 0.011 5.426 ± 0.212 0.1135 ± 0.0019 1855±31 
11.l 167 27 0.16 22 0.63 0.395 ± 0.013 6.495 ± 0.256 0.1193 ± 0.0020 1945 ± 31 
12.1 84 61 0.73 7 0.68 0.221 ± 0.007 4.839 ± 0.219 0.1588 + 0.0041 2443 ± 45 
13.1 128 58 0.45 12 0.50 0.351±0.012 5.377 ± 0.214 0.1112 ± 0.0020 1819±32 
14.1 135 91 0.68 32 1.41 0.306 ± 0.010 4.537±0.212 0.1076 ± 0.0031 1759+ 54 
!5.l 130 56 0.43 54 1.70 0.446 ± 0.015 8.891±0.373 0.1446 ± 0.0031 2283 ± 37 
15.2 23 100 4.37 21 3.89 0.426 ± O.Q18 6.414 ± 0.855 0.1093 ± 0.0133 1788 ± 239 
16.1 474 117 0.25 14 0.38 0.147 ± 0.005 2.416 ± 0.088 0.1188 ± 0.0015 1938 ± 23 
17.1 125 JOI 0.81 8 0.35 0.330 ± 0.011 5.178 ± 0.215 0.1138 ± 0.0023 1861±36 
18.1 263 150 0.57 40 0.84 0.340 + 0.011 5.527 ± 0.210 0.1179±0.0018 1925 ± 28 
19.l 333 264 0.79 11 0.18 0.335 ± 0.011 5.448 ± 0.191 0.1181±0.0011 1928±16 
20.1 126 85 0.68 15 0.68 0.332 ± 0.011 5.254 ± 0.231 0.1146 ± 0.0028 1874±45 
21.l 71 43 0.60 23 1.73 0.334 ± 0.012 5.231±0.264 0.1135±0.0037 1856±60 
22.1 282 170 0.60 16 0.31 0.357 ± 0.012 9.226 ± 0.318 0.1875 ± 0.0014 2720± 12 
23.l 157 98 0.62 5 0.16 0.338 ± 0.011 5.512+0.207 0.1184 ± 0.0016 1933 ± 25 
24.1 138 134 0.97 25 0.99 0.332 ± 0.011 4.695 ± 0.208 0.1026 ± 0.0026 1672±47 
25.1 265 165 0.62 5 0.10 0.349 ± 0.011 5.494 ± 0.193 0.1143 + 0.0010 1868+ 16 
Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
. 
. 
. 
. 
. 
. 
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Table A3.1.3. U-Pb analytical data for the zircons from theWarrumunga Formation. 
Sample 92-297 - Altered tuff from the Gecko mine. 
Grain u Th Th/U 204Pb %com 206pbt238u 201Pbt235u 207 Pb/206 Pb 207 Pbt206 Pb 
(spot) ppm ppm ppb 206Pb (±la) (±la) (± l cr) Age (Ma ±lcr) 
!.I 143 66 0.46 3 0.13 0.319 ± 0.012 5.077 ± 0.211 0.1!54 ± 0.0014 1886 ± 22 
2.1 136 52 0.38 7 0.32 0.317±0.012 5.018 ± 0.219 0.1!50±0.0019 1879 ± 30 
3.1 120 93 0.78 0 0.00 0.328 ± 0.013 5.272±0.217 0.!164 ± 0.0012 1902 ± 19 
4.1 332 112 0.34 5 0.08 0.319 ± 0.012 5.090±0.199 0.!158 ± 0.0006 1893 + 10 
5.1 246 36 0.14 15 0.32 0.349 ± 0.013 5.404 ± 0.217 0.!124±0.0009 1838 ± 15 
6.1 223 132 0.59 7 0.19 0.301±0.01! 4.702±0.189 0.1132 ± 0.0010 1851±16 
7.1 198 67 0.34 9 0.25 0.331 ±0.013 5.142±0.209 0.!126 ± 0.00!! 1842 ± 18 
8.1 256 120 0.47 l O.Q2 0.315 ± 0.012 5.015 ± 0.200 0. !156 ± 0.0009 1889 ± 14 
9.1 445 59 0.13 8 0.08 0.414 ± 0.016 8.966 ± 0.348 0.1571±0.0007 2425 ± 7 
9.2 163 85 0.52 4 0.13 0.328 ± 0.013 5.202 ± 0.212 0.!149 ± 0.00!! 1879±18 
10.l 152 107 0.70 7 0.15 0.527 ± 0.020 13.384 ± 0.536 0.1842±0.0013 2691 ± 12 
11.l 288 94 0.33 5 0.10 0.300 ± 0.011 4.722 ± 0.188 0.!143 ± 0.0009 1868 ± 14 
12.I 275 236 0.86 3 0.06 0.398 ± 0.015 7.493 ± 0.295 0. 1366 ± 0.0008 2184±10 
12.2 206 87 0.42 9 0.27 0.304±0.012 4.748 ± 0.195 0.!134±0.0012 1854 ± 19 
13.l 186 108 0.58 2 0.08 0.303 ± 0.012 4.626 ± 0.212 0.!109 ± 0.0023 1814±38 
14.l 280 172 0.62 5 0.10 0.342 ± 0.013 5.370±0.213 0.1139 ± 0.0008 1862 ± 13 
15.J 143 121 0.85 5 0.20 0.339 ± 0.013 5.301+0.217 0.!133 ± 0.0012 1854± 19 
i6.i 157 97 0.62 8 0.31 0.327 ± 0.013 5.080 ± 0.213 0.1126 ± 0.0014 1842 ± 23 
17.1 217 JOO 0.46 7 0.18 0.344 ± 0.013 5.370 ± 0.218 0.1!33 ± 0.00!! 1854 ± 19 
18. l 322 156 0.49 28 0.56 0.287 ± 0.0!! 4.370±0.177 0.1103±0.00!! 1805± 18 
19.l 187 69 0.37 16 0.48 0.334 ± 0.007 5.139 ± 0.140 0. J !16 ± 0.0015 1826±25 
20.l 330 192 0.58 12 0.24 0.285 ± 0.006 4.464±0.105 0.1!35 ± 0.0008 1857 ± 13 
21.l 298 286 0.% 16 0.28 0.345 ± 0.007 5.786 ± 0.136 0.1218 ± 0.0009 1982 ± 13 
22.J 145 101 0.70 4 0.15 0.335 ± 0.007 5.280 ± 0.134 0.1!43 ± 0.0012 1870± 19 
23.l 20 ll 0.54 7 1.18 0.556 ± 0.016 14.685 ± 0.594 0.1915 ± 0.0049 2755 ± 43 
24.J 279 239 0.85 8 0.16 0.353 ± 0.008 6.244 ± 0.147 0.1282 + 0.0009 2074 ± 13 
25.l 382 280 0.73 2 O.D3 0.320 ± 0.007 5.022 ± 0.115 0.1139 ± 0.0007 1863 ± 11 
26.J 436 l!O 0.25 28 0.38 0.317 + 0.007 4.897 ± 0.114 0.1121±0.0008 1833± 13 
27.l 152 71 0.47 3 0.12 0.323 ± 0.007 5.090±0.135 0.1141±0.0014 1866 ± 22 
28.l 119 51 0.42 9 0.42 0.322 ± 0.007 5.094 ± 0.139 0.1!46 ± 0.0016 1874±25 
29.l 153 74 0.48 10 0.37 0.325 + 0.007 5.109 + 0.135 0.1!39 ± 0.0014 1862 ± 22 
30.l 125 52 0.42 6 0.27 0.324 ± 0.007 5.157 ± 0.148 0.!153 ± 0.0018 1885 ± 28 
Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
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Table A3.1.4. U-Pb analytical data for the Eldorado mineralisation. 
Sample 92-299 
Grain u Th 1MJ 204Pb %com 206pbJ238u 201Pbt235u 207 Pbt206Pb 207 Pb/206 Pb 
(spot) ppm ppm ppb 206Pb (±I<>) (± 1 <>) (± 1 cr) Age (Ma ±lcr) 
1.1 513 98 0.19 18 050 0.130 ± 0.006 2.744 ± 0.137 0.1534 ± 0.0011 2384 ± 12 
1.2 3116 258 0.08 46 2.85 0.009 ± 0.000 0.130 ± 0.008 0.1013 ± 0.0026 1647±49 
1.3 2533 203 0.08 7 0.43 0.012 ± 0.001 0.231±0.012 0.1366 ± 0.0011 2185± 14 
2.1 536 156 0.29 17 0.79 0.073 ± 0.004 1.098±0.057 0.1088±0.0016 1779±27 
3.1 67 46 0.69 38 357 0.290 ± 0.014 3559±0.292 0.0892 ± 0.0053 1407 ± 118 
4.1 264 67 0.25 22 0.46 0.333 ± 0.016 5.240 ± 0.266 0.1140 ± 0.0011 1865± 18 
5.1 122 72 059 14 0.89 0.247 ± 0.012 3.625 ± 0.203 0.1066 ± 0.0024 1742±41 
5.2 323 76 0.23 11 0.79 0.079 ± 0.002 1.185 ± 0.057 0.1090 ± 0.0037 1782± 64 
6.1 367 137 0.38 16 0.68 0.123 ± 0.006 1.859 ± 0.095 0.1100±0.0013 1800± 22 
7.1 126 104 0.82 14 0.62 0.325 ± 0.016 5.053 ± 0.277 0.1129 ± 0.0022 1847 ± 36 
8.1 153 106 0.69 19 0.66 0.349 ± O.Dl 7 5500±0.300 0.1144 ± 0.0022 1870 ± 35 
9.1 567 271 0.48 12 0.13 0.285 ± 0.014 4561±0.225 0.1161±0.0006 1896 ± 9 
10.1 764 121 0.16 32 055 0.142 ± 0.007 2.152±0.107 0.1098 ± 0.0008 1797± 14 
10.2 342 149 0.44 33 0.92 0.185 ± 0.006 2.911 ±0.117 0.1141±0.0026 1865±41 
11.l 609 247 0.41 2 O.D2 0.334 ± 0.016 5.294 ± 0.264 0.1150 ± 0.0008 1880±13 
12.1 1247 180 0.14 3 0.20 0.026 ± 0.001 0.399 ± 0.020 0.1097 ± 0.0010 1795+16 
13.l 44 42 0.97 2 0.23 0.399 ± 0.020 9.251±0.494 0.1680±0.0025 2538 ± 25 
14.l 303 151 0.50 7 0.18 0.253 ± 0.012 4.019 ± 0.203 0.1151±0.0010 1882±16 
15.1 1721 73 0.04 7 0.46 0.015 ± 0.001 0.226 ± 0.012 0.1074±0.0016 1755 ± 27 
16.l 89 56 0.63 1 0.09 0.320 ± 0.016 5.031±0.263 0.1141±0.0015 1866 ± 25 
17.1 7166 1645 0.23 87 0.45 0.050 ± 0.002 0.784 + 0.041 0.1142 ± 0.0018 1867!1L_ 
18.1 2841 2027 0.71 14 0.64 0.014 ± 0.001 0.223 ± 0.011 0.1125 ± 0.0012 1840±19 
19.l 267 101 0.38 8 0.17 0.311±0.015 4.833 ± 0.243 0.1128 ± 0.0009 1845 ± 14 
20.1 255 45 0.18 3 om 0.282 ± 0.014 4533 ± 0.226 0.1164 ± 0.0008 1902±12 
21.l 86 21 0.24 0 0.08 0.109 ± 0.005 2.232 ± 0.120 0.1490 ± 0.0026 2335 ± 30 
22.1 202 94 0.47 0 O.D2 0.134 ± 0.006 2.120±0.107 0.1152±0.0010 1882 ± 15 
23.l 129 84 0.65 4 0.17 0.325 ± 0.016 4.896 ± 0.272 0.1094 ± 0.0023 1790± 38 
23.2 2119 257 0.12 34 1.45 0.020 + 0.001 0.308 + 0.017 0.1128+0.0048 1846 + 78 
24.1 128 67 0.52 4 0.22 0.285 ± 0.014 4.605 ± 0.239 0.1172±0.0015 1914±24 
25.l 288 94 0.33 3 0.16 0. 139 ± 0.007 2.169 ± 0.110 0.1130 ± 0.0011 1848 ± 18 
26.l 21680 1426 om 169 2.49 0.006 ± 0.000 0.055 ± 0.002 0.0720 ± 0.0021 986 ± 61 
27.l 6155 695 0.11 29 1.04 0.008 ± 0.000 0.123 ± 0.005 0.1089 ± 0.0023 1782±39 
28.l 181 129 0.71 12 0.37 0.326 ± 0.010 5.156±0.181 0.1147 ± 0.0015 1875 ± 24 
29.1 2967 263 0.09 16 0.60 0.016 ± 0.000 0.218 ± 0.008 0.0994 ± 0.0017 1612±32 
30.l 1246 119 0.10 24 0.96 0.036 ± 0.001 0535 ± 0.021 0.1073 ± 0.0024 1754±42 
31.l 194 82 0.42 13 0.40 0.312 ± 0.010 4.918 ± 0.180 0.1142 ± 0.0019 1868 ± 30 
32.1 921 125 0.14 -1 -0.01 0.083 ± 0.003 1.895 ± 0.060 0.1647 ± 0.0010 2504± 11 
33.l 265 148 056 7 0.18 0.254 ± 0.008 3.944 ± 0.132 0.1126 ± 0.0012 1841±20 
34.l 13383 535 0.04 100 1.57 0.008 ± 0.000 0.104±0.004 0.0899 ± 0.0021 1424 ± 45 
-~ 
34.2 390 ! IO 0.28 8 059 0.059 ± 0.002 0.886 ± 0.039 0.1088±0.0030 1780± 52 
35.l 182 143 0.79 16 0.48 0.326 ± 0.010 5.052 ± 0.188 0.1124 ± 0.0020 1839 ± 32 
36.l 215 57 0.26 12 0.96 0. JO!± 0.003 1.490 ± 0.076 0.1074 ± 0.0040 1756±69 
37.1 175 31 0.18 9 0.85 0.107 ± 0.003 1.639 + 0.094 0.1106 ± 0.0049 1810±83 
38.l 348 190 055 20 0.28 0.359 ± 0.0! ! 6.880 ± 0.230 0.1389 ± 0.0014 2213 ± 18 
39.l 1257 318 0.25 23 1.36 0.024 ± 0.001 0.335 ± 0.016 0.1009 ± 0.0032 1640±60 
40.l 243 215 0.89 15 0.34 0.338 ± 0.010 5.209 ± 0.179 0.1116 ± 0.0014 1826±22 
41.l 163 90 055 26 0.94 0.299 ± 0.009 4.474 ± 0.186 0.1084 + 0.0026 1773 ± 45 
42.1 !15 77 0.67 12 0.57 0.332 ± 0.010 5.193 ± 0.240 0.1136 ± 0.0034 1857±55 
43.l 1009 184 0.18 16 0.68 0.041±0.001 0.613 ± 0.024 0.1090±0.0024 1783±41 
44.l 171 69 0.40 6 0.15 0.392±0.012 7 .355 ± 0.256 0.1360±0.0017 2177±22 
45.1 294 238 0.81 8 0.16 0.313 ± 0.010 4.973 ± 0.168 0.1152 ± 0.0013 1884± 20 
----~ 
46.1 436 237 0.54 16 1.27 0.052 ± 0.002 0.732 + 0.038 0.1019 ± 0.0040 1660±75 
47.1 919 162 0.18 16 0.67 0.046 ± 0.001 0.984 ± 0.037 0.1556 ± 0.0030 2408 ± 34 
48.1 818 127 0.16 23 2.25 0.022 ± 0.001 0.524 ± O.D25 0.1706 + 0.0055 2563 + 55 
49.l 1649 143 0.09 2 0.06 0.031±0.001 0.460 ± 0.016 0.1067 ± 0.0014 1744± 25 
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Table A3.1.4. U-Pb analytical data for the Eldorado mineralisation. 
Sample 92-299 
Grain u Th Th/U 2()4Pb %com 206rbt238u 201Pbt235u 2u / Pb/206 Pb 207 Pb/206 Pb 
(spot) ppm ppm ppb 206Pb (±lo) (±Io) (± l cr) Age (Ma ±lcr) 
50.1 746 74 0.10 48 0.47 0.246 ± 0.007 3.816 ± 0.125 0.1126±0.0010 1842±17 
51.l 1286 616 0.48 34 0.66 0.070 ± 0.002 1.023 ± 0.037 0.1056 ± 0.0018 1726±32 
52.1 979 186 0.19 35 1.59 0.040 ± 0.001 0.593 ± 0.027 0.1069 ± 0.0033 1747±58 
53.l 201 75 0.37 11 0.34 0.294 ± 0.009 5.823 ± 0.221 0.1434 ± 0.0027 2269 ± 32 
54.1 392 136 0.35 30 0.55 0.250 ± 0.008 3.911±0.143 0.1137 ± 0.0019 1859±31 
55.1 345 164 0.47 17 0.41 0.216 ± 0.007 3.359 ± 0.119 0.1127±0.0017 1843 ± 27 
56.l 185 252 1.36 12 0.55 0.217 ± 0.007 3.396 ± 0.145 0.1133 ± 0.0029 1853 ± 48 
57.l 2237 232 0.10 33 1.12 0.024 ± 0.001 0.326 ± 0.013 0.0996 ± 0.0025 1616 ± 47 
Table A3.1.5. U-Pb analytical data for zircons from the Mumbilla Granodiorite. 
Sample 92-219 
Grain Uppm Th Th/U 204Pb o/o com 206rbt238u 207pb;235u 207 Pb/206 Pb 207 Pb/206 Pb 
(spot) ppm ppb 206Pb (±Io) (±lo) (± l cr) Age (Ma ±lcr) 
!.I 800 85 0.11 19 0.13 0.352 ± 0.007 5.519 ± 0.119 0.1136 ± 0.0004 1857 ± 6 
2.1 435 72 0.17 17 0.22 0.330 ± 0.007 5.176 ± 0.116 0. ll38 ± 0.0006 1861+10 
3.1 343 50 0.15 33 055 0.319±0.007 4.906±0.116 0.1117 ± 0.0009 1827 ± 15 
4.1 383 173 0.45 9 0.13 0.342 ± 0.007 5.360 ± 0.120 0.1136 ± 0.0006 1858 ± 9 
5.1 321 91 0.28 28 0.50 0.322 ± 0.007 5.038 ± 0.119 0.1133 ± 0.0009 1853 ± 15 
6.1 613 84 0.14 16 0.15 0.322 ± 0.007 5.045 ± 0.111 0.1135 ± 0.0005 1857 ± 7 
7.1 408 49 0.12 2 0.03 0.327 ± 0.007 5.148 + 0.114 0.1142 + 0.0005 1867 + 18 
8.1 442 43 0.10 88 1.19 0.309 ± 0.007 4.935 ± 0.121 0.1157 ± 0.0012 1892 ± 18 
9.1 569 67 0.12 26 0.26 0.331 + 0.007 5.162±0.115 0.1131 ± 0.0006 1850 + 9 
10.1 879 192 0.22 67 0.47 0.301 ± 0.006 4.595 ± 0.103 0.1107 ± 0.0006 1810±10 
11.1 374 87 0.2.' 77 1.13 0.335 ± 0.007 5.064 ± 0.134 0.1097 ± 0.0015 1795 ± 24 
12.i 447 110 0.2'1 8 0.11 0.313 ± 0.007 4.990 ± 0.111 0.1156 ± 0.0006 1889 ± 9 
13.l 465 80 0.17 17 0.20 0.342 ± 0.007 5.308 ± 0.120 0.1126 ± 0.0007 1843 ± 11 
14.1 600 131 0.22 42 0.38 0.338 ± 0.007 5.233 ±0.119 0.1122 + 0.0007 1835 + 11 
15.1 781 75 0.10 29 0.22 0.315 ± 0.007 4.822 ± 0.106 0.1110 ± 0.0005 1816 ± 8 
16.l 496 91 0.18 40 0.47 0.314 + 0.007 4.882 ± 0.113 0.1129 ± 0.0008 1846 ± 13 
17.1 1061 108 0.10 38 0.20 0.328 ± 0.007 5.137 + 0.112 0.1137 + 0.0004 1859 ± 7 
18. l 300 118 0.39 13 0.25 0.323 ± 0.007 4.999 ± 0.118 0.1124 ± 0.0009 1839 ± 15 
19.1 506 158 0.31 16 0.19 0.313 ± 0.007 4.868 ± 0.109 0.1129 + 0.0006 1847+ 10 
20.l 681 98 0.14 14 0.11 0.336 ± 0.007 5.247 ± 0.115 0.1134 + 0.0005 1855 ± 7 
21.1 510 215 0.42 24 0.29 0.306 ± 0.006 4.743 ± 0.107 0.1123 ± 0.0007 1836± II 
22.l 690 73 0.11 4 O.D3 0.329 ± 0.007 5.142±0.112 0.1132 + 0.0004 1851±7 
23.l 428 40 0.09 5 0.07 0.327 ± 0.007 5.144±0.114 0.1139 ± 0.0005 1863 ± 9 
24.1 695 893 1.29 24 0.19 0.330 ± 0.007 5.093 ± 0.113 0.1120 ± 0.0005 1832 ± 9 
Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
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Table A3.1.6. U-Pb analytical data for zircons from the Tennant Creek Granite. 
Sample 92-227 - northern pluton. 
Grain u Th Th/U 204Pb %com 206pbt238u 201Pbt235u 207 Pb/206 Pb 207 Pbt206 Pb 
(spot) ppm ppm ppb 206Pb (± 1 Cl) (± 1 Cl) (± 1 cr) Age (Ma ±lcr) 
6 220 98 0.45 4 0.10 0.289 ± 0.008 4.496±0.147 0.1130 ± 0.0013 1848±21 
7 212 87 0.41 19 0.56 0.282 ± 0.008 4.327 ± 0.163 0.1112 ± 0.0022 1819±37 
8 171 71 0.41 7 0.23 0.313 ± 0.009 4.777 ± 0.!68 0.1107±0.0017 1811±29 
9 ]87 64 0.34 0 0.00 0.318 ± 0.009 4.993 ± 0.161 0.1139 ± 0.0012 1862+19 
10 120 68 0.56 5 0.22 0.320 ± 0.010 5.040 ± 0.193 0.1143 ± 0.0023 1869 ± 38 
11 215 145 0.67 I o.oz 0.307 ± 0.009 4.827 ± 0.152 0.1139 ± 0.0010 1863 ± 16 
12 165 66 0.40 3 0.11 0.317 ± 0.009 4.872±0.161 0.1115 ± 0.0013 1823 ± 21 
13 199 69 0.35 4 0.12 0.318 ± 0.009 4.932 ± 0.162 0.1126 ± 0.0013 1842±21 
14 106 49 0.46 0 0.02 0.325 ± 0.010 5.048 ± 0.168 0.1126 ± 0.0013 1842 ± 21 
15 188 95 0.51 2 O.o7 0.325 ± 0.010 5.095 ± 0.187 0.1136±0.0021 1857 + 34 
16 222 63 0.28 4 0.09 0.325 ± 0.009 5.021±0.157 0.1122±0.0010 1835±16 
17 154 60 0.39 8 0.31 0.314±0.009 4.772±0.167 0.1102±0.0017 1802+28 
18 242 112 0.46 l o.oz 0.315 ± 0.009 4.927±0.155 0.1134 ± 0.0010 1855± 16 
19 ]50 69 0.46 0 0.00 0.313 ± 0.009 4.923 ± 0.175 0.1140±0.0019 1864 ± 30 
20 175 71 0.40 5 0.16 0.326 ± 0.010 5.062±0.171 0.1125 ± 0.0015 1840 ± 24 
21 162 68 0.42 1 0.03 0.316 ± 0.009 5.126±0.171 0.1175 ±0.0014 1918±22 
22 147 IOI 0.69 4 0.17 0.330 ± 0.010 5.119 ± 0.179 0.1125±0.00!7 1839 ± 28 
23 103 56 0.54 3 0.19 0.303 ± 0.009 4.644 ± 0.169 O.llll±0.0019 1817± 32 
24 137 64 0.46 0 0.02 0.336 + 0.010 5.257±0.169 0.1135+0.00II 1857 + 18 
25 252 79 0.31 l O.o3 0.322 ± 0.009 4.989±0.155 O. ll 24 ± 0.0009 1839 ± 14 
26 180 133 0.74 0 0.00 0.331±0.010 5.248 ± 0.167 0.1150±0.0011 1880±17 
27 !33 65 D.48 2 0.09 0.328 ± 0.010 5.160+0.177 0.1141 +0.0016 1866+25 
28 304 182 0.60 3 0.06 0.319 ± 0.009 5.070±0.155 0.1152 ± 0.0008 1883±13 
29 157 64 0.41 15 0.54 0.322 ± 0.009 4.932 ± 0.174 0.11ll±0.0018 1818+30 
30 172 112 0.65 1 0,03 0.319±0.009 4.988 ± 0.163 0.1134 ± 0.0013 1855 ± 21 
31 !66 84 0.51 1 0.03 0.330 ± 0.010 5.1!5 ± 0.163 0.1123 ±0.0010 1837±17 
32 140 72 0.51 I 0.04 0.323 ± 0.009 5.071 ±0.164 0.1139 ± 0.0012 1862±18 
33 161 81 0.50 4 0.14 0.316 ± 0.009 4.892 ± 0.160 0.1122 ± 0.0013 1835 ± 21 
34 186 81 0.43 6 0.17 0.325 ± 0.010 4.959±0.167 0.1105 ± 0.0015 1808 ± 25 
35 195 113 0.58 2 0.06 0.329 ± 0.010 5.073 ± 0.163 0.1120±0.0011 1832 ± ]8 
36 377 1!6 0.31 4 0.06 0.302 ± 0.009 4.692± 0.146 0.1126±0.0009 1841 + 15 
37 !45 60 0.41 3 0.12 0.328 ± 0.010 5.049±0.171 0.11!7 ± 0.0015 1828 ± 24 
Note: Analyses I through 5 excluded due to incorrect mass setting for 204pb 
Indicates analyses excluded for the pooled mean 207pbf206pb age. 
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Table A3.1.7. U-Pb analytical data for zircons from the Tennant Creek Granite. 
Sample 90-407 - southern pluton at the Devil's Pebbles. 
Grain Uppm Th 1b/U 204Pb o/o com 206Pb/238u 201Pb/235u 207pbJ206Pb 207 Pb/206 Pb 
(spot) ppm ppb 206Pb (± 10) (± 10) (± 1 cr) Age (Ma ±lcr) 
1.1 222 75 0.34 13 0.34 0.320 ± 0.006 5.074±0.108 0.1151 ±0.0012 1881 + 19 
2.1 228 96 0.42 0 o.oi 0.338 ± 0.006 5.259 ± 0.107 0.1129 ± 0.0010 1847 ± 16 
3.1 219 91 0.42 0 0.00 0.329 ± 0.006 5.104±0.106 0.1126 ± 0.0011 1842±17 
4.1 171 108 0.63 2 0.07 0.335 ± 0.006 5.277 ± 0.119 0.1142±0.0014 1868 + 22 
5.l 178 83 0.47 5 0.17 0.319 ± 0.006 4.978 ± 0.119 0.1132 ± 0.0016 1851±26 
6.1 186 106 0.57 7 0.21 0.338 ± 0.006 5.330±0.122 0.1143 ± 0.0014 1869 + 23 
7.1 227 112 0.49 15 0.35 0.339 ± 0.006 5.475 ± 0.120 0.1170±0.0014 1911 ±21 
8.1 260 78 0.30 14 0.29 0.334 ± 0.006 5.262±0.111 0.1143 ± 0.0012 1869 + 19 
9.1 332 95 0.29 8 0.13 0.335 ± 0.006 5.172±0.!03 0.1119 ± 0.0010 1831±16 
JO.I 188 82 0.44 9 0.29 0.315 ± 0.005 5.039 ± 0.113 0.1162 ± 0.0014 1898 + 22 
I I.I 191 67 0.35 5 0.15 0.346 ± 0.006 5.388 ± 0.116 0.1130±0.0012 1849 ± 20 
12.1 170 65 0.38 6 0.20 0.331 ± 0.006 5.176±0.115 0.1133 ± 0.0013 1853 ± 21 
13.l 196 133 0.68 7 0.22 0.310 ± 0.005 4.873 ± 0.107 0.1140±0.0013 1864 ± 21 
14.I 165 89 0.54 3 0.12 0.337 ± 0.006 5.328 ± 0.119 0.1147 ± 0.0013 1875 ± 21 
15.l 275 131 0.48 4 O.o9 0.301 ± 0.005 4.776 ± O.o98 0.1150±0.0011 1880 ± 18 
16.l 177 77 0.43 5 0.16 0.312 ± 0.005 4.948 + 0.109 0.1150 ± 0.0014 1879 + 21 
17.1 58 25 0.43 6 0.57 0.317 ± 0.007 5.512 ± 0.202 0.1262 ± 0.0035 2046 ±50 
18. 1 196 79 0.40 6 0.16 0.344 ± 0.006 5.346±0.118 0.! 127 ± 0.0014 1844 + 22 
19.l 218 63 0.29 I O.Q3 0.336 ± 0.006 5.243 ± 0.105 0.1132±0.0010 1851±16 
20.I 261 92 0.35 12 0.26 0.313 ± 0.005 4.960±0.103 0.1149 ± 0.0012 1878 ± 18 
21.1 349 153 0.44 51 0.43 0.641±0.011 22.397 + 0.396 0.2534 ± 0.0011 3206 ± 7 
21.2 462 91 0.20 2 om 0.345 ± 0.006 5.276 ± 0.097 0.1109 ± 0.0007 1814±11 
22.l 174 76 0.44 4 0.12 0.325 ± 0.006 5.073±0.110 0.1134+0.00!2 1854 + 20 
23.l 389 165 0.42 53 1.34 0.185 ± 0.003 3.433 ± 0.077 0.1346 ± 0.0018 2159 ± 24 
24.1 345 271 0.79 46 1.25 0.199 ± 0.003 3.193 ± 0.077 0.1166 + 0.0018 1904 + 28 
25.1 166 87 0.52 11 0.39 0.326 ± 0.006 4.991±0.118 0.1110±0.0015 1816 ± 25 
26.l 311 103 0.33 20 0.54 0.216 ± 0.004 3.495 ± O.o75 0.1172+0.0014 1914 + 21 • 
27.l 130 63 0.48 3 0.14 0.325 ± 0.006 4.959 ± 0.113 0.1108 ± 0.0014 1812±23 
, Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
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Table A3.1.8. U-Pb analytical data for zircons from the Tennant Creek Granite at Red 
Bluff. 
Sample 90-408 
Grain u Th ppm Th/U 204Pb %com 206pb1238u 201Pbi235u 207 PbJ206 Pb 207 Pbi206 Pb 
(spot) ppm ppb 206Pb (±I 0) (± 1 a) (± I a) Age (Ma ±!er) 
1.1 248 110 0.45 14 0.32 0.342 ± 0.010 5.284 ± 0.170 0.1121±0.0013 1833±21 
2.1 240 114 0.47 11 0.24 0.340 ± 0.010 5.199 ± 0.167 0.1110±0.0013 1815±21 
3.1 184 36 0.19 10 0.31 0.336 ± 0.010 5.136 ± 0.169 0.1109 ± 0.0014 1815 ± 23 
4.1 !39 42 0.30 24 1.02 0.314 + 0.009 4.661±0.184 0.1078 ± 0.0025 1763 ± 43 
5.1 306 258 0.84 2 0.04 0.341±0.010 5.481±0.168 0.1167 ± 0.0009 1907±14 
6.1 249 57 0.23 19 0.42 0.348 ± 0.010 5.194 ± 0.173 0.1082 ± 0.0015 1769 + 25 
7.1 495 58 0.12 8 0.08 0.422±0.012 8.636 ± 0.255 0.1486 ± 0.0007 2330 ± 9 
7.2 257 71 0.28 7 0.15 0.339 ± 0.010 5.271±0.167 0.1127 ± 0.0012 1843 ± 19 
8.1 251 106 0.42 8 0.16 0.357 ± 0.010 5.468 ± 0.174 0.1112±0.0012 1819 ± 20 
8.2 206 52 0.25 13 0.34 0.331±0.010 5.198 ± 0.168 0.1139 ± 0.0013 1863 ± 21 
9.1 392 208 0.53 4 0.04 0.515 ± 0.015 12.951 ± 0.382 0.1822±0.0008 2673 ± 8 
9.2 328 88 0.27 1 0.02 0.339 ± 0.010 5.395 ± 0.164 0.1156 ± 0.0009 1889 ± 14 
10.1 171 70 0.41 8 0.24 0.364 ± 0.011 5.609 ± 0.198 0.1118 ± 0.0019 1829±31 
11.1 212 105 0.50 -2 0.00 0.352 ± 0.010 5.492 ± 0.175 0.1133 ± 0.0012 1853 ± 19 
12.1 160 238 1.49 22 0.78 0.326 ± 0.014 5.618 ± 0.274 0.1249 ± 0.0023 2027 ± 32 
13.1 245 58 0.24 4 0.09 0.335 ± 0.014 5.163 ± 0.233 0.1118±0.0011 1829±18 
14.1 188 110 0.59 362 7.83 0.424 ± 0.018 6.291 ± 0.405 0.1077 ± 0.0046 1761±80 
15.1 108 51 0.47 8 0.39 0.331 ±0.014 5.200 ± 0.251 0.1139 ± 0.0019 1862±31 
16.l 279 225 0.81 48 1.00 0.316±0.013 5.032 ± 0.235 0.1156 ± 0.0017 1890±26 
17.l 249 174 0.70 8 0.20 0.319 ± 0.014 4.935 ± 0.222 0.1123±0.0011 1838 ± 18 
18.l 281 128 0.46 26 0.53 0.317 + 0.014 5.037 ± 0.230 0.1153 + 0.0014 1884+21 
19.l 380 318 0.84 138 2.09 0.319 ± 0.014 4.928 ± 0.238 0.1120±0.0020 1833 ± 33 
20.1 500 214 0.43 2 O.o2 0.492 ± 0.021 11.098 ±0.479 0.1635 ± 0.0006 2492± 6 
20.2 288 137 0.48 l 0.02 0.327 ± 0.014 5.143 ±0.226 O.ll39 ± 0.0007 1863± 12 
20.3 742 344 0.46 l 0.00 0.471 ± 0.020 10.620 ± 0.460 0.1634 ± 0.0006 2491 ± 7 
21.1 431 436 1.01 1 O.o2 0.337 ± 0.014 5.241+0.230 0.1128 + 0.0007 1845±11 
23.l 221 86 0.39 10 0.27 0.298 ± 0.013 4.678 ± 0.217 0.1138 ± 0.0015 1862 ± 23 
24.1 176 63 0.36 7 0.26 0.296 ± 0.013 4.585 ± 0.218 0.1124 ± 0.0017 1838 ± 28 
25.l 126 53 0.42 0 0.00 0.322 ± 0.014 5.183 ± 0.239 0.1168 ± 0.0013 1908 ± 20 
26.I 157 76 0.48 3 0.10 0.312 ± 0.013 4.868 ± 0.228 0.1133 ± 0.0015 1853 ± 24 
27.I 209 36 0.17 6 0.17 0.316 ± 0.014 5.009 ± 0.231 0.1150 ± 0.0014 1880±22 
28.1 166 57 0.34 3 0.11 0.324 ± 0.014 5.128 ± 0.239 0.1147 ± 0.0015 1876 ± 24 
29.1 338 104 0.31 5 0.09 0.328 ± 0.014 5.080 ± 0.226 0.1123 ±0.0009 1838 ± 14 
30.l 466 373 0.80 8 0.10 0.302 ± 0.013 4.714±0.210 0.1132 ± 0.0009 1852±15 
31.1 404 200 0.49 2 o.oz 0.330 ± 0.014 5.128 ± 0.228 0.1126 ± 0.0009 1842± 15 
32.I 168 83 0.49 3 0.10 0.327 ± 0.014 5.187 ± 0.238 0.1151±0.0013 1882 ± 20 
33.l 324 46 0.14 7 0.12 0.342 ± 0.015 5.285 ± 0.244 0.1122 ± 0.0014 1835 ± 23 
34.1 298 211 0.71 5 0.10 0.320 ± 0.014 4.974 ± 0.222 0.1126 + 0.0009 1842 ± 15 
35.l 194 104 0.54 60 1.61 0.351±0.015 5.294 ± 0.287 0.1094 ± 0.0030 1789±51 
36.1 157 93 0.59 1 0.05 0.343 ± O.Q15 5.524 + 0.252 0.1167 ± 0.0012 1906±19 
37.l 200 161 0.81 2 0.05 0.474 ± 0.020 10.595 ± 0.474 0.1622 ± 0.0012 2479 ± 13 
38.l 89 47 0.53 -1 0.00 0.336 ± 0.015 5.291 ± 0.269 0.1143 ± 0.0024 1870± 38 
39.l 322 124 0.38 4 0.08 0.327 ± 0.014 5.065 ± 0.227 0.1124 + 0.0010 1839 + 17 
• Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
• 
. 
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Table A3.1.9. U-Pb analytical data from the Tennant Creek Granite at Red Bluff 
(west). Sample 92-287. 
Grain Uppm Tu Th/I] 204Pb %com 206pbj238u 201Pb/235u 207 Pbi206 Pb 207 Pbi206 Pb 
(spot) ppm ppb 206Pb (± 1 <l) (± 1 <l) (± la) Age (Ma ±la) 
1 122 68 0.55 I 0.03 0.3I6 ± 0.014 4.991±0.232 0.I 147 ± 0.0010 1875 ± I6 
2 I87 95 0.5I I O.Q2 0.357 ± 0.016 6.320 ± 0.287 0.1283 ± 0.0008 2074±II 
3 I77 56 0.31 1 0.06 0.187 ± 0.008 2.965 ± 0.135 0.1150 ± 0.0009 I879±14 
4 I45 IOI 0.70 0 O.Ql 0.464 ± 0.021 10.335 ±0.469 0.1616 ± 0.0009 2473 ±IO 
5 194 64 0.33 1 0.02 0.330 ± 0.015 5.12I ±0.233 0.1126 ± 0.0008 1841 ± I2 
6 140 52 0.37 1 O.Q2 0.333 ± O.Q15 5.228 ± 0.242 0.1139 ± 0.0010 1863 ± I2 
7 179 IOI 0.56 1 0.02 0.3 I6 ± 0.014 4.896 ± 0.223 0.1125 ± 0.0008 1840±I3 
8 213 75 0.35 I 0.02 0.329 ± 0.015 5.164±0.235 0.1139 ± 0.0007 1863 ± 12 
9 I7I 116 0.68 I O.Q2 0.32I ± 0.014 5.003 ± 0.230 0.113I ±0.0009 1849 ± I4 
10 I82 II8 0.65 0 0.00 0.310 ± O.OI4 4.827 ± 0.220 0.1129 ± 0.0008 1847±12 
11 146 67 0.46 0 0.0Z 0.346 ± 0.015 5.4I7 ± 0.247 0.1137 ± 0.0008 1857 ± I6 
12 242 ll2 0.46 1 O.Q2 0.283 ± 0.012 4.4 I5 ± 0.200 0.1132±0.0007 1851 +II 
13 l'.B 67 0.55 0 O.D2 0.335 ± O.Q15 5.310±0.242 0.I 148 ± 0.0008 1877 ± I2 
14 131 93 0.71 1 0.04 0.316 ± 0.0I4 4.920 ± 0.226 0.1128 ± 0.0009 1845 ± 14 
15 61 
' 
45 0.75 1 0.05 0.384±0.017 7.I82±0.337 0.1357 ± 0.0013 2174+ 17 . 
18 322 122 0.38 0 0.00 0.342 ± 0.015 5.275 ± 0.238 O.lll8±0.0006 1828±10 
I9 479 140 0.29 3 0.04 0.272 ± 0.012 4.287 ± 0.I93 0.1143 ± 0.0006 1870 ± 9 
20 I23 83 0.68 0 O.Q2 0.341 ± O.OI5 5.248 ± 0.243 0.1115 ± 0.0010 1824 ± 16 
21 102 5I 0.50 0 0.03 0.300 ± O.OI3 4.693 ± 0.216 0.1135 ± 0.0009 1855± I5 
22 497 278 0.56 34 0.56 0.217 ± 0.010 4.080±0.183 0.1363 ± 0.0007 2I8I + 9 . 
23 209 59 0.28 1 O.Q3 0.334 ± 0.015 5.238 ± 0.239 0.1138 ± 0.0008 1861±13 
24 222 52 0.24 0 0.00 0.337 ± 0.015 5.165 ±0.234 0.1111±0.0007 I817+11 
25 167 72 0.43 0 0.01 0.341 ± O.Q15 5.225 ± 0.241 0. Ill I ± 0.0009 1818 ± I5 
26 242 79 0.32 1 O.Ql 0.325 ± 0.014 5.106 ± 0.232 0.1141±0.0007 1866+ I2 
27 488 427 0.88 1 O.Ql 0.337 ± O.Q15 5.124 ± 0.230 0.1103 ± 0.0005 1804 ± 8 
28 291 84 0.29 1 O.Q2 0.320 ± 0.014 4.977 ± 0.225 0.I 129 ± 0.0006 I847 ± 10 
29 162 80 0.49 0 O.DI 0.348 ± 0.015 5.447 + 0.250 O.l I37 ± 0.0009 1859 ± 14 
30 I63 88 0.54 0 O.Ql 0.328 ± O.Q15 5.189±0.237 O.I 147 ± 0.0008 1875±12 
31 160 87 0.54 I 0.02 0.323 ± 0.014 4.966 ± 0.226 0.1115±0.0007 1824±I2 
32 I74 I07 0.6I 1 0.03 0.279 ± 0.012 4.255 ± 0.193 0.1105 ± 0.0007 1808±I2 
33 216 54 0.25 0 0.00 0.342 + 0.015 5.315 ±0.241 0.1128 + 0.0007 1845+II 
• Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
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Table A3.1.10. U-Pb analytical data for zircons from the Cabbage Gum Granite. 
Sample 92-288. 
Grain Uppm Tb pprr Tb/U 204Pb %corn 206rbt238u 207rbt235u 207 Pb/206Pb 207 Pb/206 Pb 
(spot) ppb 206Pb (±la) (±lo) (± lo) Age (Ma ±lo) 
!.I 278 141 0.51 2 0.05 0.322 ± 0.011 5.014±0.180 0.1131 ±0.0007 1849 ± 12 
2.1 160 68 0.42 1 0.03 0.321±0.011 4.991±0.181 0.1128 ± 0.0009 1844 ± 14 
3.1 273 128 0.47 0 0.00 0.333 ± 0.011 5.213 ± 0.187 0.1135 ± 0.0007 1856±11 
4.1 473 358 0.76 0 0.00 0.339 ± 0.012 5.231±0.184 0.1119 ± 0.0005 1830 ± 8 
5.1 148 46 0.31 0 0.00 0.330 ± 0.011 5.060 ± 0.187 0.1112±0.0010 1818 ± 17 
6.1 261 181 0.70 0 0.00 0.452 ± 0.016 10.943 ± 0.390 0.1756 ± 0.0009 2612 ± 9 
7.1 240 81 0.34 2 0.05 0.334 ± 0.012 5.199 ± 0.186 0.1129 ± 0.0007 1847±12 
8.1 262 194 0.74 5 0.11 0.330 ± 0.011 5.086 ± 0.183 0.1117 ± 0.0008 1827 + 13 
9.1 209 84 0.40 3 0.09 0.323 ± 0.011 4.989±0.181 0.1121±0.0008 1834 ± 14 
JO.I 224 112 0.50 3 O.o? 0.335 ± 0.012 5.145 ± 0.187 0.1112 ± 0.0009 1820± 14 
11.I 224 137 0.61 0 0.00 0.338 ± 0.012 5.069+0.!83 0.1088 ± 0.0008 1779 + 13 
12.1 254 71 0.28 0 0.00 0.350 ± 0.012 5.485 ± 0.198 0.1137 ± 0.0008 !860±12 
13.1 237 140 0.59 0 0.00 0.331 ±0.011 5.140 ± 0.186 0.1127 ± 0.0008 1844± 13 
14.J 221 91 0.41 0 0.00 0.319 ± 0.011 4.940±0.181 0.1123 ± 0.0009 1836 ± 15 
15.l 210 85 0.40 2 0.04 0.326 ± 0.011 5.102±0.185 0.1136 ± 0.0008 1858 ± 13 
16.1 259 49 0.19 2 0.04 0.311+0.011 4.820 + 0.175 0.1125 ± 0.0008 1841+14 
17.J 298 113 0.38 3 O.o? 0.327 ± 0.013 5.108 ± 0.208 0.1132 ± 0.0006 1851±9 
18.l 158 110 0.69 3 0.1 I 0.328 ± 0.013 5.143 ± 0.213 0.1139 ± 0.0008 1862 + 13 
19.l 148 79 0.53 8 0.30 0.326 ± 0.013 5.077 ± 0.212 0.1130 ± 0.0009 1848 ± 15 
20.J 282 69 0.24 9 0.18 0.318 ± 0.013 4.987 ± 0.205 0.1136 ± 0.0008 1858 ± 12 
22.J 240 69 0.29 3 0.08 0.330 ± 0.013 5.186 ± 0.213 0.1139 ± 0.0007 1863 ± 12 
24.1 294 183 0.62 2 0.04 0.323 ± 0.013 5.049 ± 0.206 0.1135 ± 0.0006 1856 ± 9 
26.1 181 53 0.29 3 0.09 0.333 ± 0.013 5.231±0.216 0.1139 + 0.0008 1862 + 13 
28.1 209 109 0.52 8 0.18 0.397 ± 0.016 6.093 ± 0.252 0.1114±0.0008 1823 ± 13 
29.J 327 291 0.89 I O.Dl 0.343 ± 0.014 5.250 ± 0.215 0.1111 +0.0006 1818 ± 11 
30.l 401 79 0.20 l O.Dl 0.331±0.013 5.196 ± 0.210 0.1137 ± 0.0005 1859 ± 7 
30.2 325 78 0.24 I 0.01 0.325 ± 0.013 5.142±0.209 0.1146 ± 0.0005 1873 ± 9 
·-
31.l 227 66 0.29 2 0.06 0.343 + 0.014 5.395 ± 0.221 0.1140±0.0007 1864+ 11 
• Indicates analyses excluded for the pooled mean 207pbJ206Pb age. 
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Table A3.1.ll. U-Pb analytical data for zircons from the White Devil mine felsic 
porphyry. Sample 92-292 
Grain u I 1h Th/U 204Pb o/o com 206pbt238u 207Pb/235u 207 Pbt206 Pb 207 PbJ206 Pb 
(spot) ppm I ppm ppb 206Pb (±I cr) (±I Cl) (± I cr) Age (Ma±lcr) 
2.1 435 250 0.57 0 0.00 0.353 ± 0.016 5.360 ± 0.249 0.1101±0.0005 1801±8 
3.1 241 68 0.28 5 0.12 0.334 ± 0.015 5.039 ± 0.241 0.1094±0.0010 1790± 16 
5.1 278 86 0.31 10 0.20 0.334 ± 0.015 5.075 ± 0.241 0.1 IOI ± 0.0009 1801±15 
6.1 222 114 0.52 3 om 0.346 ± 0.016 5.510 ± 0.260 0.1155 ± 0.0008 1888± 13 
7.1 198 83 0.42 11 0.29 0.353 ± 0.016 5.490 ± 0.263 0.1127 ± 0.0010 1843±17 
8.1 258 I 109 0.42 2 0.04 0.338 ± 0.015 5.139±0.242 0.1104 ± 0.0008 1806 ± 13 
9.1 362 88 0.24 11 0.15 0.357 ± 0.016 5.568 ± 0.261 0.1132 ± 0.0007 1852± II 
10.1 255 88 0.35 7 0.17 0.325 ± O.D15 5.135 ± 0.245 0.1145±0.0010 1872 ± 16 
II.I 190 69 0.36 4 0.12 0.338 ± 0.016 5.175 ± 0.246 0.1109 ± 0.0009 1815 + 15 
12.1 334 99 0.30 7 0.11 0.330 ± 0.015 5.149 ± 0.242 0.1131±0.0007 1850 ± 11 
13.1 217 58 0.27 4 0.09 0.345 ± 0.016 5.356 ± 0.253 0.1125 ± 0.0008 1840 ± 13 
14.I 264 66 0.25 6 0.12 0.331±0.015 5.126 ± 0.242 0.1122 ± 0.0008 1835 ± 13 
15.1 160 95 0.59 3 0.10 0.336 ± O.oJ5 5.108 ± 0.244 0.1104 ± 0.0010 1806 ± 16 
16.! 255 84 0.33 I 0.02 0.329 ± 0.021 5.172±0.337 0.1140 ± 0.0005 1864 ± 8 
17.1 217 48 0.22 0 O.Dl 0.321 ±0.021 5.072 ± 0.331 0.1146 ± 0.0006 1874 ± 9 
18.1 252 67 0.27 1 O.D3 0.311±0.020 4.887 + 0.319 0.1138 ± 0.0006 1861+9 
19.l 165 ' 70 0.42 I 0.02 0.330 ± 0.021 5.169 ± 0.339 0.1136 ± 0.0007 1857 ± 11 I 
20.l 244 57 0.2'1 0 O.Dl 0.339 ± 0.022 5.296 ± 0.345 0.1134±0.0006 1855 ± 9 
21.l 167 54 0.32 2 0.08 0.339±0.017 5.341±0.269 0.1144 ± 0.0007 1870± ll 
22.l 172 70 0.41 3 0.09 0.332 ± 0.016 5.149 ± 0.259 0.1126 ± 0.0007 1842 ± 11 
23.1 217 65 0.30 3 0.07 0.332 ± 0.016 5.243 ± 0.262 0.1145 ± 0.0006 1871±10 
24.1 213 73 0.34 4 0.10 0.329 ± 0.016 5.169 ± 0.259 0.1138 ± 0.0006 1861 ±IO 
25.l 266 I 147 0.55 2 O.Q3 0.333 ± 0.016 5 .275 ± 0.263 0.1150±0.0006 1879 ± 9 
26.l 236 61 0.26 3 0.08 0.321±0.016 5.032 ± 0.252 0.1138 ± 0.0006 1862±10 
27.l 302 79 0.26 2 0.04 0.338 ± 0.017 5.272 ± 0.262 0.1133 ± 0.0005 1853 ± 8 
28.1 225 78 0.34 3 om 0.338 ± 0.017 5.273 ± 0.263 0.1131 ± 0.0006 1850 + 9 
29.l 184 63 0.34 l 0.04 0.329 ± 0.016 5.318 ± 0.267 0.1171±0.0007 1912± ll 
30.l 233 72 0.31 I O.D3 0.338 ± 0.017 5.260 ± 0.263 0.1129 ± 0.0006 1847 ± 9 
31.1 277 50 0.18 2 0.05 0.331±0.016 5.190 + 0.259 0.1136 ± 0.0005 1858 ± 9 
32.1 180 75 0.42 3 0.08 0.342 ± 0.017 5.365 ± 0.269 0.1137 ± 0.0007 1859 ± IO 
33.1 242 58 0.24 l 0.03 0.334 ± 0.016 5.243 ± 0.262 0.1138 ± 0.0006 186 l + 9 
34.l 118 58 0.49 l 0.06 0.335 ± 0.016 5.258 ± 0.266 0.1138 ± 0.0008 1862±13 
35.l 245 84 0.34 I O.D3 0.316 + 0.015 4.895 + 0.244 0.1123 + 0.0005 1837 + 9 
36.l 218 JOO 0.46 2 0.04 0.317 ± 0.016 4.940 ± 0.247 0.1131±0.0006 1850±IO 
37.1 217 59 0.27 I o.oz 0.342 ± 0.017 5.361±0.268 0.1136 ± 0.0006 1857 ±IO 
38.1 212 73 0.34 2 0.05 0.339 ± 0.017 5 .310 ± 0.266 0.1134 ± 0.0006 1855+!0 
39.I 285 55 0.19 2 0.03 0.340 ± 0.017 5.298 ± 0.264 0.1130 ± 0.0005 1849 ± 9 
40.1 137 72 0.52 I 0.03 0.335 + 0.016 5.359 ± 0.269 0.1160 + 0.0007 1896± II 
Nb: analyses 20 to 40 corrected fo Pb-hydnde. 
I 
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Table A3.1.12. U-Pb analytical data for the felsic porphyry at the Peko smelter site. 
Sample 94-105 
Grain u Tu Th/U 204Pb %com 206pbJ238u 201Pbt235u 207 Pb/206 Pb 207rbt206Pb 
(spot) ppm ppm ppb 206Pb (± 10) (± 10) (± la) Age (Ma ±la) 
I.I 203 69 0.34 11 0.29 0.325 ± 0.010 4.926 ± 0.156 0.Il00±0.0010 I799± I6 
1.2 224 48 0.22 9 0.23 0.320 ± 0.009 4.979 ± 0.I57 0.1128 ± 0.0010 1845 ± 15 
2.1 244 99 0.41 15 0.35 0.314 ± 0.009 4.734 ± 0.151 0.1094 ± 0.0011 1789±I8 
3. 1 198 79 0.40 9 0.26 0.308 ± 0.009 4.648 ± 0.153 0.1096 ± 0.0013 I792± 21 
4.1 273 81 0.30 12 0.23 0.330 ± 0.010 5.000±0.I55 0.1098 ± 0.0008 1796±14 
5.1 343 99 0.29 I 0.02 0.325 ± 0.009 5.039 ± O. I53 0.1125 ± 0.0006 I84I ± 10 
6.1 136 i 79 0.58 7 0.28 0.327 ± 0.010 5.003 ± 0.168 0.Il09±0.0015 I814±24 
7.1 216 83 0.38 20 0.52 0.3I8 ± 0.009 4.744 ± 0.I56 0.108I ± 0.0013 1767± 22 
8.I 200 63 0.3I 9 0.24 0.325 ± O.OIO 4.981 ± O.I59 0.Il13±0.0010 1821±17 
9.1 223 I23 0.55 8 0.20 0.324 ± 0.010 5.054±0.I66 0.1131 ±0.0013 1850 ± 2I 
IO.I 161 90 0.56 13 0.45 0.327 ± O.OIO 4.934±0.169 0.1096 ± O.OOI6 1792±26 
I I.I 230 79 0.34 11 0.26 0.327 ± 0.010 4.962 ± 0.158 0.1102 ± 0.0010 I803± I7 
12.I 197 90 0.46 18 0.54 0.300 ± 0.009 4.664 ± O. I56 0.1128 ± 0.0015 1845±23 
13.! 282 88 0.31 39 0.78 0.317 ± 0.009 4.795 ±0.158 0.I098 ± 0.0013 I 797 ± 2I 
I4.I 231 54 0.23 12 0.29 0.325 ± 0.010 4.956±0.I60 0.II06±0.0011 18IO ± 18 
15.I 853 583 0.68 3 O.o2 0.3I2±0.009 4.858 ± 0.144 0.1130 ± 0.0003 1848 ± 5 
I6.I 383 36I 0.94 42 1.4I 0. I38 ± 0.004 2.057 ± 0.071 0.1082±0.00I6 1770± 28 
I7.I 248 81 0.33 9 0.!9 0.333 ± 0.010 5.!68±0.I60 0.1125 ± 0.0008 I840± I3 
I8.! 359 I45 0.40 4 0.06 0.334±0.010 5.225 ± 0.158 0.1135 ± 0.0006 1856 ±IO 
19.1 I80 102 0.57 4 0.13 0.328 ± O.OIO 5.I31 ±0.I6I 0.1134±0.0009 I855± I5 
20.I I89 67 0.35 9 0.26 0.332 ± O.OIO 5.096 ± O.I63 0.1112±0.0011 I8I9± 17 
21.1 224 64 0.29 16 0.38 0.332 + O.OIO 5.031 ±0.I58 O. I 098 ± 0.0009 1796±16 
22.I 232 ' 80 0.35 7 O.I7 0.333 ± O.OIO 5.126±0.I62 0.I116±0.0010 1826 ± 16 
23.1 122 60 0.49 11 0.50 0.3 I 8 ± 0.009 4.889 ± O. I 69 0.I116±0.0016 I826±27 
24.1 179 95 0.53 I6 0.50 0.328 ± 0.010 4.895 ± 0.160 0.1083 ± 0.00I2 I771±20 
25.1 I83 76 0.4I 11 0.31 0.355 ± 0.010 5.811 ± O.I87 0.1187 ± 0.0012 1937± 18 
26.I 248 137 0.55 48 1.27 0.272 ± 0.008 4.097 ± 0.I40 0.1094 ± 0.0016 I790± 26 
27.1 255 104 0.41 19 0.41 0.323 ± 0.009 4.824±0.154 0. 1084 ± 0.0010 1773±17 
28.1 209 54 0.26 2 0.06 0.332 ± 0.010 5.I52 ± 0.161 0.1126 ± 0.0009 1843 ± I4 
29.1 314 188 0.60 15 0.28 0.306 ± 0.009 4.639 ± 0.146 0.1100±0.0010 1799±I6 
30.l I62 78 0.48 I5 0.49 0.330 + 0.010 5.088 ± 0.I68 0.I118±0.00I3 I829 ± 22 
31.1 178 96 0.54 3 0.10 0.329 ± O.OIO 5.162±0.162 0. 1136 ± 0.0009 I858 ± 15 
32.1 144 185 1.28 9 0.31 0.362 ± 0.011 6.169 ± 0.203 O.I236 ± 0.0014 2009 ± 20 
33.l 159 116 0.73 10 0.33 0.356 ± 0.010 6.669 ± 0.213 0.1359 ± 0.0013 2I76± I7 
• Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
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Table A3.1.13. U-Pb analytical data for the gabbro intruding the Mumbilla 
Granodiorite 
Sample 93-861 
Grain Uppm Th Th/U 204Pb %com 206rbJ238u 201Pb/235u 207pbJ206Pb 
(spot) ppm ppb 206Pb (±ls) (±I<>) (±I<>) 
I.I 553 237 0.43 22 0.26 0.291±0.006 4.557 ± 0.101 0.1135 ±0.0008 
2.1 1106 1213 1.10 13 0.07 0.293 ± 0.006 4.573 ± 0.096 0.1131 ±0.0004 
3.1 793 782 0.99 24 0.18 0.305 ± 0.006 4.775 ± 0.102 0.1135 ±0.0005 
4.1 1080 1100 !.02 38 0.43 0.152 ± 0.003 2.146 ± 0.049 0.1023 ± 0.0009 
5.1 1095 886 0.81 10 0.05 0.326 ± 0.007 5.088 ± 0.106 0.1133 ± 0.0004 
6.1 915 873 0.95 15 0.10 0.308 ± 0.006 4.722 ± 0.100 0.1112±0.0005 
7.1 539 433 0.80 14 0.15 0.328 ± 0.007 4.995 ± 0.108 0.1103 ±0.0006 
8.1 608 506 0.83 27 0.27 0.313 ± 0.006 4.803 ±0.106 0.1113 ±0.0007 
9.1 709 550 0.78 16 0.14 0.314 ± 0.006 4.929±0.107 0.1137 ±0.0007 
10.1 549 414 0.75 11 0.12 0.318 ± 0.006 4.981 ± 0.106 0.1137 ± 0.0005 
11.1 1575 1999 1.27 28 0.11 0.290 ± 0.006 4.513 ± 0.094 0.1127 ±0.0004 
12.l 350 178 0.51 19 0.33 0.312 ± 0.006 4.834±0.112 0.1123 ±0.0010 
13.l 1063 690 0.65 20 O.l l 0.314±0.006 4.873 ± 0. 102 0.1126 ± 0.0004 
14.l 486 190 0.39 30 0.37 0.311 ± 0.006 4.890 ± 0.111 0.1139 ± 0.0009 
15.l 1015 1018 1.00 14 0.08 0.331 ± 0.007 5.175 ±0.108 0.1132 ± 0.0004 
16.l 544 505 0.93 24 0.27 0.307 ± 0.006 4.799 ± 0.105 0.1132 ± 0.0007 
17.l 1532 2039 1.33 16 0.07 0.275 ± 0.006 4.066 ± 0.084 0.1073 ± 0.0003 
18. l 864 687 0.80 17 0.11 0.321±0.006 4.948 ± 0.105 0.1118±0.0005 
17.2 1051 1384 1.32 27 0.16 0.309 ± 0.006 4.772 ± 0.102 0.1122+0.0005 
19.l 744 258 0.35 14 0.11 0.313 ± 0.006 4.854±0.105 0.1126 ± 0.0006 
20.1 888 808 0.91 10 0.06 0.323 ± 0.007 5.031±0.106 0.1131 ±0.0004 
. 
21.1 644 396 0.62 5 0.05 0.332 ± 0.007 5.211 ±0.111 0.1140 ± 0.0005 
22.1 701 473 0.68 23 0.20 0.316 ± 0.006 4.810±0.102 0.1106 ± 0.0005 
23.2 398 193 0.48 13 0.20 0.307 ± 0.006 4.741 +0.111 0.1121 ±0.0010 
24.l 589 449 0.76 38 0.44 0.271±0.005 3.999 ± 0.091 0.1070±0.0009 
25.l 552 291 0.53 19 0.22 0.294 ± 0.006 4.519±0.100 0.1113 ± 0.0007 
26.l 745 683 0.92 17 0.13 0.318 ± 0.006 4.928 ± 0.104 0.1125 ± 0.0005 
27.l 593 85 0.14 12 0.12 0.317 ± 0.006 4.916±0.105 0.1124 ± 0.0005 
28.1 872 301 0.35 13 0.08 0.331±0.007 5.124±0.107 0.1123 ± 0.0004 
29.l 543 429 0.79 12 0.13 0.302 ± 0.006 4.662 ± 0.101 0.1121 ±0.0006 
30.! 1174 1269 1.08 21 0.11 0.307 + 0.006 4.739 + 0.099 0.1122 + 0.0004 
173 
207 Pb/206 Pb 
Age (Ma±!<>) 
1856±13 
1850 ± 7 
1856 ± 9 
1665± 16 
1854 ± 6 
1819 ± 8 
1805±10 
1821±12 
1859 ± 10 
1860 ± 9 
1843 ± 6 
1837± 16 
1842 ± 7 
1863± 14 
185;1±6 
1851 ± 11 
1753 ± 5 
1829 ± 8 
1835 ± 9 
1842 ± 10 
1850 ± 7 
-----
1864 ± 8 
1809 ± 9 
1833±17 
1748±15 
1821±12 
1840 ± 8 
1838 ± 9 
1837±6 
1834±10 
1835 + 6 
• Indicates analyses excluded for the pooled mean 207pb/206pb age. 
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Table A3.l.14. U-Pb analytical data for the monzodiorite dyke. 
Sample 93-863 
Grain Uppm Th Th/lJ 204Pb %com 206Pbt238u 201Pbt235u 207 Pb/206 Pb 207pbi206Pb 
(spot) ppm ppb 206Pb (±Io) (±Io) (± I er) Age (Ma±lcr) 
1.1 806 1627 2.02 22 0.16 0.312 ± 0.012 4.762±0.186 0.1107 ± 0.0006 1811± 9 
2.1 455 931 2.04 8 0.11 0.316 ± 0.012 4.893 ± 0.194 0.1121±0.0007 1834 ± 12 
3.1 540 2243 4.16 10 0.11 0.316±0.012 4.841 ±0.191 0.1111±0.0007 1818±11 
4.1 554 981 1.77 27 0.29 0.315 ± 0.012 4.828 ± 0.193 0.1112±0.0008 1819 ± 14 
5.1 688 2076 3.02 3 O.D3 0.313 ±0.012 4.852±0.189 0.1125 ± 0.0005 1841 ± 8 
6.1 344 1453 4.22 8 0.14 0.320 ± 0.012 4.941±0.198 0.1119±0.0009 1830± 15 
7.1 800 2802 3.50 16 0.12 0.311±0.012 4.722 ± 0.185 0.1100 ± 0.0006 1800± 10 
8.1 323 383 1.18 22 0.39 0.318 ± 0.012 4.862 ± 0.201 0.1110±0.0012 1816 ± 20 
9.1 700 2313 3.31 12 0.10 0.304 ± 0.012 4.659 ± 0.183 0.1111 ±0.0006 1818 ± 10 
10.1 658 1980 3.01 202 1.82 0.309 ± 0.012 4.660 ± 0.195 0.1092 ± 0.0014 1786 ± 24 
11.1 390 892 2.29 44 0.67 0.310±0.012 4.647 ± 0.193 0.1087±0.0013 1777± 22 
12.1 418 1393 3.33 10 0.14 0.315 ± 0.012 4.837 ± 0.193 0.1114 ± 0.0008 1822 ± 13 
13.I 611 1413 2.31 669 6.43 0.298 ± 0.011 4.482 ± 0.210 0.1090 ± 0.0025 1783± 42 
14.1 369 1678 4.55 28 0.45 0.315 + 0.012 4.888 ± 0.201 0.1126 ± 0.0012 1841+20 
15.! 519 1241 2.39 -3 -0.04 0.310±0.012 4.821±0.191 0.1128 ± 0.0008 1845 ± 12 
16.1 611 1695 2.77 10 0.10 0.306 ± 0.012 4.707 ± 0.185 0.1114 ± 0.0006 1823±11 
16.2 668 2112 3.16 9 0.08 0.314 ± 0.012 4.802 ± 0.189 0.1108±0.0007 1812±11 
17.1 864 1689 1.96 14 0.09 0.314 ± 0.012 4.801 ±0.188 0.1111 ± 0.0006 1817 ± 9 
18.1 437 1477 3.38 5 0.06 0.314±0.012 4.719 ± 0.189 0.1091±0.0009 1785 ± 15 
19.1 710 1332 1.88 26 0.27 0.248 ± 0.010 3.949 ± 0.205 0.1156 ± 0.0034 1889 ± 54 
20.1 271 756 2.79 16 0.34 0.316 ± 0.012 4.843 ± 0.199 0.1112+0.0012 1819+!9 
21.l 414 1434 3.46 8 0.11 0.320 ± 0.012 4.927 ± 0.195 0.1118 ± 0.0007 1830±12 
22.1 458 1850 4.04 4 0.05 0.318 ± 0.012 4.924 ± 0.194 0.1125 ± 0.0006 1840 + 10 
• Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
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Table A3.1.15. U-Pb analytical data for the dolerite dyke intruding the Tennant Creek 
Granite at Red Bluff (west). Sample 92-286 
Grain Uppm Th ThlU 204Pb %com 206pb;238u 201Pb/235u 207 Pb/206 Pb 20 I Pb/206 Pb 
(spot) ppm ppb 206Pb (± la) (± 1 a) (± la) Age (Ma ±la) 
1 llO 65 0.59 1 0.04 0.293 ± 0.007 4.663 ± 0.132 0.ll53 ± 0.0016 1894± 18 
2 69 46 0.66 1 0.04 0.322 + 0.008 4.969 ± 0.145 O.lll9±0.0016 1843 + 20 
3 85 56 0.66 0 0.03 0.295 ± 0.007 4.595 ± 0.129 0.1132 ± 0.0015 1858±19 
4 82 60 0.73 0 0.03 0.317 ± 0.007 4.913 ± 0.132 0.1126±0.0012 1849±18 
5 110 90 0.82 2 0.12 0.322 ± 0.007 4.998 ± 0.145 0.1127 ± 0.0017 1874±18 
6 75 
' 
61 0.81 0 0.03 0.330 ± 0.008 5.171 ±0.144 0.1137 ± 0.0014 1868 ± 20 
7 142 58 0.41 2 0.09 0.328 ± 0.007 5.025 ± 0.136 0.1111±0.0013 1840 ± 16 
8 59 31 0.52 1 0.08 0.329 ± 0.008 5.081 ±0.171 0.1120 ± 0.0023 1854 ± 25 
9 68 42 0.62 0 0.03 0.328 ± 0.008 5.247 ± 0.154 0.1160±0.0017 1902± 22 
10 70 37 0.52 2 0.14 0.329 ± 0.008 5.073 ± 0.165 0.1119 ± 0.0022 1868 + 24 
11 100 47 0.47 1 0.04 0.317 ± 0.007 4.982±0.141 0.1140±0.0015 1875 ± 20 
12 lll 49 0.44 0 o.oz 0.331 ± 0.008 5.176±0.147 0.1133 ± 0.0016 1857±18 
13 92 54 0.59 2 0.09 0.332 ± 0.008 5.127±0.151 0.1119±0.0017 1855 ± 20 
14 64 32 0.50 0 0.02 0.336 ± 0.008 5.182 ± 0.166 0.1117 ± 0.0020 1832 ± 26 
15 71 34 0.48 1 0.08 0.338 ± 0.008 5.180±0.182 0.1111 ± 0.0025 1837 ± 24 
16 87 51 0.58 -1 ..0.04 0.321 ± 0.008 5.338 ± 0.185 0.1207 ± 0.0027 1958 ± 24 
17 89 67 0.75 0 0.02 0.329 ± 0.008 5.044±0.144 0.1113 ± 0.0015 1826+21 
18 60 39 0.64 1 0.10 0.328 ± 0.008 4.926±0.174 0.1089 ± 0.0025 1807 ± 27 
19 57 29 0.51 0 0.04 0.351± 0.008 5.545 ± 0.175 0.1146 ± 0.0020 1884±18 
20 ll6 77 0.66 0 om 0.319±0.007 5.021±0.137 0.1142 + 0.0014 1871+18 
21 131 102 0.78 1 0.03 0.343 ± 0.008 5.363 ± 0.143 0.1136 ± 0.0012 1864±16 
22 71 43 0.61 1 0.06 0.318 ± 0.007 5.069 ± 0.150 0.1156 ± 0.0018 1904±21 
23 70 47 0.68 0 0.03 0.301±0.007 4.788 ± 0.144 0.1155 ± 0.0018 1894 + 25 
24 73 35 0.48 0 0.02 0.340 ± 0.008 5.294 ± 0.149 0.1129±0.0014 1847±23 
25 53 26 0.49 0 0.04 0.330 ± 0.008 5.157+0.156 0.1134±0.0018 1865 + 23 
26 82 61 0.75 0 0.02 0.325 ± 0.008 5.098 ± 0.139 0.1136 ± 0.0013 1864±19 
27 78 60 0.77 1 0.05 0.344 ± 0.008 5.251±0.152 0.1108 + 0.0016 1826+19 
28 70 45 0.65 1 0.05 0.337 ± 0.008 5.!08±0.144 0.1100±0.0015 1815 ± 19 
Table A3.1.16. U-Pb analytical data for the lamprophyre dyke. 
Sample 92-224 
Grain Uppml Th 1MJ 204Pb o/o com 206pb;238u 201pb;235u 207 Pb/206 Pb 207 Pb/206 Pb 
(spot) I ppm ppb 206Pb (± 1 a) (± la) (± 1 a) Age (Ma ±lcr) 
4.1 235 93 0.39 5 0.12 0.305 ± 0.009 4.746 ± 0.163 O.ll30± 0.0014 1863 ± 14 
5.1 218 79 0.36 7 0.18 0.326 + 0.010 4.955 + 0.170 0.1102+0.0014 1834 + 14 
6.1 234 i 92 0.39 1 0.02 0.317±0.010 4.932±0.165 0.1130±0.0012 1837 ± 13 
7.1 352 239 0.68 6 0.10 0.291±0.009 4.181 ±0.141 0.1040 ± 0.0012 1708±12 
7.2 487 452 0.93 5 0.06 0.289 ± 0.009 4.086 ± 0.130 0.1026 ± 0.0007 1672+ 10 
8.1 282 54 0.19 7 0.15 0.328 ± 0.010 4.871 ± 0.163 0.1078 ± 0.0012 1785 ± 12 
9.1 269 99 0.37 3 0.06 0.325 ± 0.010 5.105 + 0.166 O.ll41 ±0.0009 1864+11 
10.1 176 66 0.37 6 0.19 0.319 ± 0.010 4.853 ± 0.169 0.1103 ± 0.0015 1838± 15 
11.1 276 66 0.24 6 0.13 0.334 ± 0.010 5.223 ± 0.173 0.1134 + 0.0011 1871+12 
12.l 177 89 0.50 2 0.05 0.329 ± 0.010 5.067 ± 0.173 0.1119±0.0014 1828± 14 
13.l 266 171 0.64 3 0.06 0.311 + 0.009 4.617±0.157 0.1076 ± 0.0013 1758±13 
13.2 286 190 0.67 1 0.02 0.312 ± 0.009 4.614 ± 0.150 0.1072 ± 0.0009 1741±12 
14.1 153 83 0.54 5 0.19 0.330 + 0.010 4.997 ± 0.185 0.1098 ± 0.0019 1829+18 
15.l 422 123 0.29 4 0.06 0.331±0.010 5.154±0.165 0.1130 ± 0.0008 1847 ± 9 
16.1 209 66 0.32 3 0.08 0.329 ± 0.010 5.098 ±0.168 0.1123 ± 0.0010 1840 ± 11 
17.1 364 189 0.52 2 O.D3 0.321±0.010 5.014 ± 0.160 0. ll34 + 0.0008 1845 + 10 
18.l 180 108 0.60 7 0.23 0.329 ± 0.010 5.002±0.179 0.1104 ± 0.0017 1850±15 
19.l 264 172 0.65 3 0.08 0.327 + 0.010 5.069 ± 0.163 0.1123 + 0.0009 1840+ 10 
20.1 144 ! 69 0.48 3 0.13 0.324 ± 0.010 4.995+0.179 0.1119±0.0017 1847 + 16 
21.1 197 88 0.45 3 0.09 0.334 ± 0.010 5.160±0.175 0. ll 20 ± 0.0013 1841±13 
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Table A3,l,16 (cont). U-Pb analytical data for the lamprophyre dyke. 
Sample 92-224 
Grain Uppml Th Th/lJ 204Pb o/o com 206pbJ238u 207rbt235u 20 I Pb/206 Pb 207 Pb/206 Pb 
(spot) I ppm ppb 206Pb (±Io) (± I cr) (±I cr) Age (Ma ±lcr) 
23.1 163 94 0.57 5 0.18 0.321 ± O.D!O 4.785 ±0.171 0.1082±0.0016 !800±16 
24.l 324 91 0.28 5 0.09 0.327 ± 0.010 5.023 ± 0.163 0.1113 ± 0.0010 1830±11 
25.l 240 86 0.36 6 0.16 0.304 ± 0.009 4.672 ± 0.156 0.1113 ± 0.0012 1847±12 
Table A3.1.17. U-Pb analytical data for zircons from the Channigum Granite. 
Sample 92-289 
Grain u Th Th/lJ 204pb o/o com 206rbJ238u 207rbJ235u 207 Pb/206 Pb 207 Pbt206 Pb 
(spot) ppm ppm ppb 206Pb (± I cr) (±I cr) (± 1 cr) Age (Ma ±lcr) 
l.l 133 84 0.63 2 0.09 0.321±0.009 4.751±0.168 0.1073 ± 0.0020 1754 34 
2.1 402 177 0.44 3 0.04 0.327 ± 0.009 5.041±0.147 0.1118 ± 0.0008 1829 13 
2.2 377 205 0.55 167 2.74 0.293 ± 0.008 4.505 ± 0.153 0.1114±0.0019 1823 31 
3.1 260 212 0.81 2 0.04 0.321±0.009 4.887 ± 0.149 0.1104 ± O.OO!l 1805 18 
4.1 136 56 0.41 2 0.07 0.320 ± 0.009 4.708 ± 0.160 0.1066 ± 0.0017 1742 30 
5.1 538 424 0.79 262 3.09 0.285 ± 0.008 4.346±0.148 0.1106 ± 0.0019 1810 31 
·-
6.1 182 107 0.59 I o.oz 0.324 ± 0.009 5.093±0.170 0.1140±0.0017 1864 27 
7.1 707 278 0.39 3 o.oz 0.315 ± 0.009 4.848 ± 0.139 0.1115 ± 0.0006 1823 10 
8.1 309 376 1.22 27 0.51 0.315 ± 0.009 4.863 ± 0.152 0.1119±0.0013 !831 22 
9.1 130 79 0.61 I 0.03 0.327 + 0.009 5.103 ± 0.163 0.1131+0.0014 1850 23 
JO.I 194 86 0.44 I 0.03 0.330 ± 0.009 5.078 ± 0.155 0.1116 ± O.OO!l 1825 18 
11.l 133 51 0.38 0 O.Dl 0.330 ± 0.009 5.133 ±0.157 0.1129 ± O.OO!l 1847 18 
12.l 198 157 0.79 82 2.59 0.290 ± 0.008 4.408 ± 0.176 0.1104 ± 0.0028 1806 47 
13.l 160 83 0.52 0 0.01 0.354 ± 0.010 5.398 ± 0.169 0.1108 ± 0.0012 1812 20 
14.l 136 85 0.63 2 0.09 0.338 ± 0.009 5.212±0.161 0.1119 ± 0.0011 1831 19 
15.l 155 104 0.67 3 0.10 0.350 ± 0.010 5.370 ± 0.166 0.1114±0.0012 1822 19 
16.1 207 121 0.59 4 0.10 0.331 + 0.009 5.176±0.158 0.1133 ± O.OO!l 1853 18 
17.1 131 70 0.53 78 3.15 0.339 ± 0.010 5.894 ± 0.271 0.1260±0.0041 2043 59 
17.2 208 58 0.28 I 0.02 0.335 ± 0.009 5.280±0.156 0.1144 ± 0.0009 1871 13 
18.1 164 146 0.89 0 0.00 0.327 ± 0.009 5.194+0.152 0.1152 + 0.0008 1882 12 
19.1 134 84 0.63 2 0.11 0.325 ± 0.009 5.076 ± 0.158 0.1134 ± 0.0012 1855 20 
20.1 201 182 0.91 4 0.12 0.327 ± 0.009 5.147±0.154 0.1143 ± 0.0010 1869 16 
21.l 150 88 0.59 2 O.G7 0.326 ± 0.009 5.155 + 0.160 0.1147 + 0.0012 1875 19 
22.1 132 119 0.90 I 0.06 0.312 ± 0.009 4.944 ± 0.153 0.1150± 0.0012 1880 19 
23.1 112 65 0.57 6 0.32 0.320 ± 0.009 4.926 ± 0.180 0.1115 ± 0.0022 1824 37 
24.l 120 90 0.75 5 0.24 0.314 ± 0.009 4.858 ± 0.165 0.1120±0.0018 1833 29 
25.1 120 84 0.69 2 0.11 0.317 ± 0.009 4.926 + 0.153 0.1128 ± 0.0012 1844 20 
26.! 114 66 0.58 2 0.08 0.328 ± 0.009 5.100±0.158 0.1127 ± 0.0012 1844 19 
, Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
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Table A3.1.18. U-Pb analytical data for zircons from the "Warrego" granite. 
Sample 92-218 
Grain Uppm Th Th/U 204Pb %com 206rbt238u 201Pbt235u 207 Pb/206 Pb 207 Pb/206 Pb 
(spot) ppm ppb 206Pb (± 1 di (±I di (± I a) Age (Ma ±la) 
LI 764 135 0.18 100 0.67 0.361±0.009 5.527 ± 0.146 0.1112 ± 0.0007 1818 ± 12 
2.1 5793 ' 1894 0.33 1020 1.49 0.226 ± 0.006 3.028 ± 0.077 0.0972 ± 0.0003 1577 ± 6 
3.1 7096 . 599 0.08 126 O.o7 0.454 ± 0.011 6.345 ± 0.157 0.1013 ± 0.0001 1666 ± 2 
4.1 7633 466 0.06 91 0.06 0.349 ± 0.009 4.888 ± 0.121 0.1015 ± 0.0001 1652 ± 2 
4.2 2474 990 0.40 83 0.06 1.045 ± 0.026 15.981 ± 0.397 0.1109 ± 0.0001 1814 ± 2 
5.1 169 83 0.49 5 0.18 0.300 ± 0.008 4.376±0.123 0.1058 ± 0.0010 1790± 20 
6.1 15098 38263 2.53 299 7.14 0.005 ± 0.002 0.054 ± 0.140 0.0804 ± 0.2038 1237 ± 96 
7.1 3398 1796 0.53 62 0.15 0.233 ± 0.006 3.239±0.081 0.1008 ± 0.0002 1631±4 
8.1 265 96 0.36 4 0.09 0.303 ± 0.008 4.621±0.126 0.1106 ± 0.0009 1809 ± 15 
9.1 11739 685 0.06 30 0.02 0.287 ± 0.007 4.162±0.103 0.1050±0.0001 1714±2 
9.2 1799 165 0.09 32 0.o7 0.482 ± 0.012 7.301±0.182 0. 1098 ± 0.0002 1794±3 
10.l 314 96 0.31 4 0.08 0.318 ± 0.008 4.979 ± 0.131 0.1136 ± 0.0007 1857±12 
10.2 318 752 2.36 98 2.48 0.212 ± 0.005 3.033 ± 0.099 0.1040 ± 0.0019 1650±36 
11.l 7659 796 0.10 354 0.35 0.247 ± 0.006 3.315 ± 0.082 0.0975 ± 0.0002 1573 ± 3 
12.l 11072 3287 0.30 1058 6.55 0.025 ± 0.004 0.266 ± 0.683 0.0757 ± 0.1931 1075 + 44 
13.l 136 76 0.56 23 1.02 0.305 ± 0.008 4.748 ± 0.143 0.1130±0.0015 1794± 35 
14.l 646 315 0.48 61 3.04 0.056 ± 0.001 0.649 ± 0.024 0.0835 ± 0.0020 1313±45 
15.l 589 699 1.19 109 1.52 0.223 ± 0.006 3.061±0.086 0.0994 ± 0.0010 1629±20 
16. l 503 244 0.49 129 2.17 0.216 ± 0.005 2.988 ± 0.089 0.1005 ± 0.0014 1634±26 
17.l 265 596 2.25 12 0.69 0. 117 ± 0.003 1.826 ± 0.053 0.1135 ± 0.0015 1844 ± 23 
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Table A3.1.19. U-Pb analytical data for zircons from the Gosse River East granite. 
Sample 93-709 
Grain Uppm! Th Th/U 204Pb %com 206pbt238u 201Pbt235u 207 Pb/206 Pb 207 Pb/206 Pb 
(spot) ppm ppb 206Pb (±1 a) (±la) (± lo) Age (Ma ±lo) 
1.1 1315 684 0.52 4 0.02 0.278 ± 0.008 4.006 ± 0.120 0.1045 ± 0.0004 1706±7 
1.2 713 506 0.71 5 0.05 0.284 ± 0.008 4.165±0.128 0.1062 ± 0.0007 1736±11 
2.1 1509 2452 1.62 5 0.02 0.309 ± 0.009 4.464 ± 0.134 0.1047 ± 0.0004 1710 ± 8 
3.1 1191 652 0.55 3 0.02 0.312 ± 0.009 4.492 ± 0.135 0.1045 ± 0.0005 1705+8 
4.1 685 766 1.12 1 O.QI 0.287 ± 0.008 4.121±0.126 0.1042 ± 0.0006 1700± 11 
5.1 1636 2396 1.46 17 O.o7 0.255 ± 0.007 3.834±0.115 0.1092±0.0004 1786 ± 8 
6.1 182 I 104 0.57 4 0.15 0.297 ± 0.009 4.277 ± 0.144 0.1046 ± 0.0013 1708±22 
7.1 153 57 0.37 4 0.16 0.319 ± 0.010 4.961 ±0.166 0.1128 ± 0.0013 1844 ± 21 
8.1 145 92 0.63 3 0.14 0.311 ± 0.009 4.610±0.156 0.1075 ± 0.0013 1757 ± 22 
9.1 2359 4186 1.77 21 O.o7 0.227 ± 0.007 3.235 ± 0.096 0.1035 ± 0.0003 1688 ± 6 
10.! 439 282 0.64 2 0.03 0.285 ± 0.008 4.127 + 0.127 0.1049 ± 0.0007 1712± 12 
11.1 525 549 1.05 5 0.06 0.276 ± 0.008 3.972±0.122 0. 1045 ± 0.0006 1706± 11 
12.1 372 73 0.20 3 0.06 0.270 ± 0.008 4.308 ± 0.133 0.1158 ± 0.0008 1892 ± 12 
13.1 1059 772 0.73 4 0.03 0.271 ± 0.008 3.900±0.116 0.1043 ± 0.0004 1701±7 
14.l 1013 740 0.73 3 0.02 0.302 ± 0.009 4.340 ± 0.129 0.1044 ± 0.0004 1703 ± 7 
15.l 369 267 0.72 2 0.03 0.304 ± 0.009 4.397 ± 0.135 0. 1050 ± 0.0007 1714± 11 
16.1 415 298 0.72 0 O.QI 0.297 ± 0.009 4.286 ± 0.131 0. 1046 ± 0.0006 1708± 11 
17.1 220 213 0.97 1 0.04 0.282 ± 0.008 4.124±0.130 0.1061±0.0008 1733±14 
18.1 179 112 0.63 I O.Q3 0.304- + 0.009 4.435 ± 0.141 0.1058 ± 0.0009 1728+16 
19.1 305 70 0.23 0 0.01 0.332 ± 0.010 5.184 ± 0.159 0.1132 ± 0.0007 1851±11 
20.1 1049 782 0.75 1 0.01 0.302 ± 0.009 4.345 ±0.129 0.1045 ± 0.0004 1705 ± 7 
20.2 949 848 0.89 3 0.02 0.303 ± 0.009 4.348 ± 0.130 0.1041 ±0.0004 1698 ± 7 
22.l 280 31 0.11 3 0.05 0.333 ± 0.010 5.143 ± 0.158 0.1122 + 0.0007 1835+11 
23.l 446 I 211 0.47 2 0.04 0.279 ± 0.008 4.019 ± 0.122 0.1044 ± 0.0006 1703±10 
24.1 1134 ' 1581 1.39 l O.QI 0.308 ± 0.009 4.496 ± 0.133 0.1058 ± 0.0003 1729±6 
25.l 700 912 1.30 3 O.o3 0 .302 ± 0 .009 4.363 ± 0.131 0.1049 ± 0.0004 1712 + 8 
25.2 737 740 1.00 3 0.02 0.315 ± 0.009 4.540 ± 0.136 0.1045 ± 0.0004 1705±8 
26.1 1029 775 0.75 2 0.01 0.307 + 0.009 4.450 ± 0.132 0.1052 + 0.0004 1717 + 6 
27.l 1092 1065 0.98 2 0.01 0.301 ± 0.009 4.399 ± 0.130 0.1059 ± 0.0003 1730±6 
• Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
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Table A3.1.20. U-Pb analytical data for the felsic porphyry near the Jubilee workings 
(from BMR DDH5). Sample 92-291 
Grain I U Th Th/U 204Pb %com 206Pbt238u 201pb1235u 207 Pb/206 Pb 207 Pb/206 Pb 
(spot) I ppm ppm ppb 206Pb (± 1 o') (± 1 o') (± l cr) Age (Ma ±lcr) i 
1 I 296 63 0.21 7 0.14 0.328 ± 0.008 5.273 ± 0.146 0.1166 ± 0.0009 1905 ± 14 
2 262 63 0.24 8 0.17 0.329 ± 0.008 5.004±0.141 0.1104±0.0010 1806± 16 
3 419 139 0.33 6 0.08 0.317 ± 0.008 4.998 ± 0.134 0.1142 ± 0.0007 1867 ± 11 
4 298 57 0.19 4 0.08 0.320 ± 0.008 5.007 ± 0.136 0.1133 ± 0.0008 1854 ± 12 
5 294 54 0.18 2 O.D3 0.323 ± 0.008 5.003 ± 0.136 0.1122 ± 0.0007 1836±12 
6 293 67 0.23 5 0.10 0.298 + 0.008 4.698±0.130 0.1143 + 0.0009 1869 ± 14 
7 246 83 0.34 4 0.10 0.324 ± 0.008 5.022 ± 0.140 0.1124 ± 0.0009 1839 ± 15 
8 192 52 0.27 4 0.11 0.329 ± 0.008 5.116 ± 0.144 0.1129 ± 0.0009 1846 ± 15 
9 286 102 0.36 10 0.18 0.352 ± 0.009 5.433 ± 0.152 0.1119 ± 0.0009 1830± 15 
10 I 312 172 0.55 9 0.15 0.341±0.009 5.285 ± 0.146 0.1124 ± 0.0009 1838 ± 15 
11 120 60 0.50 1 O.D3 0.322 ± 0.008 5.138 ± 0.158 0.1158 ± 0.0015 1892 ± 23 
12 215 80 0.37 19 0.47 0.336 ± 0.009 5.011 ±0.147 0.1081 ±0.0012 1767±21 
13 395 229 0.58 5 0.05 0.409 ± 0.010 7.715 ± 0.203 0.1369 ± 0.0006 2189 ± 8 
14 346 113 0.33 19 0.33 0.299 ± 0.008 4.654 ± 0.128 0.1130±0.0009 1848 ± 14 
15 302 85 0.28 2 0.04 0.328 ± 0.008 5.108 ± 0.141 0.1129 ± 0.0009 1847 ± 14 
16 229 73 0.32 1 0.03 0.330 ± 0.008 5.071±0.142 0.1116 ± 0.0010 1826± 16 
17 312 59 0.19 6 0.10 0.346 ± 0.009 5.383 ± 0.146 0.1127 ± 0.0007 1843 ± 12 
18 204 126 0.62 2 0.04 0.335 ± 0.009 5.331 ±0.149 0.1153±0.0009 1885 ± 14 
19 330 80 0.24 4 0.06 0.339 ± 0.009 5.245 ± 0.143 0.1122±0.0008 1836 ± 12 
20 221 84 0.38 7 0.16 0.345 ± 0.009 5.456 ± 0.153 0.1147±0.0009 1875 ± 15 
21 177 66 0.37 2 O.Q? 0.336 ± 0.009 5.207±0.147 0.1125 ± 0.0009 1841±15 
22 274 81 0.29 8 0.16 0.328 ± 0.008 5.033 ± 0.139 0.1112 ± 0.0008 1819±13 
23 138 55 0.40 1 0.05 0.304 ± 0.008 4.841±0.142 0.1154 ± 0.0012 1886 ± 19 
24 238 67 0.28 1 0.02 0.326 ± 0.008 5.112 ± 0.140 0.1138 ± 0.0008 1861±12 
25 328 110 0.34 -1 -0.02 0.336 ± 0.009 5.272 ± 0.145 0.1138 ± 0.0009 1861±14 
26 265 52 0.19 2 0.04 0.339 ± 0.009 5.300+0.145 0.1135 ± 0.0007 1857± 12 
27 328 87 0.27 5 0.08 0.317±0.008 4.973 ± 0.135 0.1137 ± 0.0008 1860 ± 12 
28 434 98 0.22 26 0.41 0.262 ± 0.007 4.044 ± 0.113 0.1120±0.0010 1832 ± 16 
29 445 77 0.17 5 0.06 0.335 ± 0.008 5.154 ± 0.137 0.1117 ± 0.0006 1827 ± 9 
30 203 58 0.29 5 0.12 0.326 ± 0.008 5.054 ± 0.143 0.1125±0.0010 1839 ± 16 
31 456 93 0.20 1 O.Q2 0.240 ± 0.006 3.747 + 0.101 0.1134 ± 0.0007 1855 ± 12 
32 313 63 0.20 1 O.D2 0.321±0.008 5.073 ± 0.137 0.1148 ± 0.0007 1877±11 
33 236 46 0.19 7 0.17 0.306 ± 0.008 4.728 + 0.138 0.1120 ± 0.0012 1832±20 
34 266 96 0.36 1 0.03 0.328 ± 0.008 5.083 ± 0.140 0.1122 ± 0.0008 1836±14 
• Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
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Table A3.l.21. U-Pb analytical data for zircons from the Bemborough Formation 
(volcanic) of the Flynn Subgroup. Sample 92-294 
Grain u Th ThlU 204Pb %com 206Pbt238u 207 Pb/235 U 207 Pb/206 Pb 207 Pbt206 Pb 
(spot) ppm ppm ppb 206Pb (± 1 Cl) (± 1 Cl) (± l cr) Age (Ma ± l cr) 
I.I 173 104 0.60 2 0.06 0.329 ± 0.009 5.229 ± 0.158 0.1153 ± 0.0009 1884±14 
2.1 677 112 0.17 5 0.04 0.313 ± 0.009 4.921 ±0.141 0.1139 ± 0.0004 1862 ± 7 
3.1 191 38 0.20 0 O.DI 0.325 ± 0.009 5.059 ± 0.150 0.1130 ± 0.0007 1848±12 
4.1 152 120 0.79 3 0.11 0.317 ± 0.009 4.933 ± 0.150 0.1129 ± 0.0009 1847 ± 15 
5.1 268 93 0.35 4 0.09 0.286 ± 0.008 4.322 ± 0.129 0.1097 ± 0.0008 1794± 14 
5.2 314 106 0.34 8 0.17 0.283 ± 0.005 4.330 ± 0.089 0.1108 ± 0.0010 1812 ± 16 
6.1 245 93 0.38 2 0.06 0.296 ± 0.008 4.619 ± 0.137 0.1133 ± 0.0008 1853 ± 12 
7.1 253 83 0.33 1 O.D2 0.327 ± 0.009 4.964 ± 0.150 0.1101 ± 0.0009 1801±14 
7.2 307 113 0.37 0 0.00 0.311 ± 0.005 4.819 ± 0.099 0.1126 ± 0.0010 1841 ± 16 
8.1 340 103 0.30 2 O.o3 0.338 ± 0.009 5.148±0.150 0.1103 ± 0.0006 1805 + 10 
8.2 323 94 0.29 4 O.o7 0.318 ± 0.006 4.921±0.098 0.1123 ± 0.0008 1836 ± 13 
9.1 271 134 0.49 1 0.01 0.334 ± 0.009 5.130±0.152 O.lll5±0.0007 1825 ± 12 
10.1 158 53 0.33 3 0.09 0.321±0.009 5.096 ± 0.154 0.1150 ± 0.0009 1879 ± 14 
11.1 416 158 0.38 1 O.Ql 0.329 ± 0.009 5.082 ± 0.147 0.1119 ± 0.0005 1831 ± 8 
12.1 105 88 0.84 0 0.00 0.335 ± 0.010 5.200±0.162 0.1127 ± O.OOll 1843±17 
13.1 207 95 0.46 1 O.Q2 0.351 ± 0.010 5.486 ± 0.162 0.1132 ± 0.0007 1852 ± 11 
14.l 152 69 0.45 0 O.D2 0.315 ± 0.009 4.933 ± 0.155 0.1137 ± 0.0012 1860± 19 
15.l 228 132 0.58 1 0.03 0.329 ± 0.009 5.135 ± 0.153 0.1133 ± 0.0008 1853±12 
16.1 265 96 0.36 1 O.D3 0.344±0.010 5.316 ± 0.156 0.1121±0.0006 1834 ± 10 
17.1 191 84 0.44 0 0.00 0.336 ± 0.009 5.188 ± 0.154 0.1119 ± 0.0007 1831±12 
18.1 217 132 0.61 1 0.02 0.319 ± 0.009_ 4.851± 0.144 0.1104 ± 0.0007 1805 ± 12 
18.2 200 ll7 0.59 1 O.D2 0.329 ± 0.006 5.016 ± 0.108 0.1106 ± 0.0011 1810+ 17 
19.1 264 97 0.37 0 0.00 0.330 ± 0.009 5.131 ±0.149 0.1127 ± 0.0005 1844 ± 9 
20.l 392 277 0.71 1 O.Ql 0.327 ± 0.009 5.076±0.146 0.1125 ± 0.0005 1840±8 
21.1 97 57 0.59 9 0.50 0.339 ± 0.007 5.179 ± 0.171 0.1108 ± 0.0027 1813±45 
22.1 201 93 0.46 4 0.10 0.323 ± 0.006 5.059 ± 0.110 0.1136 ± 0.0011 1858± 18 
23.1 399 170 0.43 1 O.D2 0.325 ± 0.006 5.050 ± 0.100 0.ll26 ± 0.0008 1843 ± 13 
24.l 136 55 0.40 8 0.34 0.325 ± 0.006 4.830 ± 0.145 0.1078 ± 0.0023 1763 ± 39 
25.l 199 152 0.77 1 0.02 0.342 ± 0.006 5.830 ± 0.120 0.1237 ± 0.0010 2010+ 15 
26.l 219 94 0.43 1 0.03 0.308 ± 0.005 4.873 ± 0.098 0.ll48 ± 0.0009 1876 ± 14 
27.1 443 129 0.29 7 0.10 0.283 + 0.005 4.342 ± 0.085 0.1113 ± 0.0008 1821+13 
28.l 94 59 0.63 0 0.02 0.309 ± 0.006 4.866 ± 0.127 0.1140 ± 0.0017 1865 ± 28 
29.1 210 78 0.37 1 0.04 0.327 ± 0.006 5.281±0.114 0.1170 ± 0.0011 1911±18 
30.1 362 120 0.33 39 0.68 0.285 ± 0.005 5.872 ± 0.121 0.1495 ± 0.0013 2340 ± 15 
31.1 577 393 0.68 9 0.09 0.304 ± 0.005 4. 708 ± 0.089 0.1125 ± 0.0006 1840± IO 
32.1 906 680 0.75 427 3.10 0.265 + 0.005 3. 748 + 0.084 0.1024 + 0.0012 1668 + 23 
• Indicates analyses excluded for the pooled mean 207pbJ206Pb age. 
. 
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Table A3.1.22. U-Pb analytical data for the Bernborough Formation (rhyolite). 
S 1 92 293 amp1e -
Grain u Tu 1b/U 204Pb %com 2uupb/238u 207rbt235u 207 Pbt206 Pb 207 Pbt206 Pb 
(spot) ppm ppm ppb 206Pb (±Io) (±lo) (± lo) Age (Ma ±lo) 
1.1 139 70 0.50 8 0.34 0.308 ± 0.011 4.725 ±0.170 0.1113 ± 0.0008 1821 ± 14 
2.1 109 57 0.52 I 0.08 0.317±0.011 4.987±0.181 0.1141±0.0009 1866 ± 15 
3.1 93 50 0.53 10 0.61 0.315 ± 0.011 4.743 ±0.184 0.1091±0.0015 1784±26 
4.1 178 123 0.69 3 0.09 0.313 ± 0.011 4.889 ± 0.175 0.1132 ± 0.0008 1851±14 
5.1 171 129 0.75 4 0.12 0.322 ± 0.011 5.023 ±0.177 0.1130 ± 0.0007 1848±IO 
6.1 170 Ill 0.65 2 0.07 0.341± 0.012 5.286 ± 0.187 0.1124±0.0007 1838 ± 10 
7.1 123 58 0.48 5 0.22 0.314 ± 0.011 4.846 ± 0. J 73 0.1119±0.0007 1830 ± 12 
8.1 151 95 0.63 2 0.05 0.406 ± 0.014 6.347 ± 0.225 0.1134 ± 0.0007 1854 ± 11 
9.1 159 98 0.62 3 O.IO 0.336 ± O.Gl I 5.178±0.182 0.1119±0.0006 1830±10 
JO.I 170 95 0.55 I 0.04 0.324 ± O.Ql I 5.I07±0.!78 0.1142 ± 0.0005 1867 ± 8 
I I.I 167 92 0.55 3 0.11 0.317±0.011 4.901 ±0.173 0.1122 ± 0.0007 1835 ± 10 
12.1 144 90 0.63 -l -0.04 0.317 ± 0.011 4.937±0.175 0.1129 ± 0.0007 1846 ± 12 
13.1 140 93 0.67 3 0.IO 0.344 ± 0.012 5.332 + 0.!90 0.1123 ± 0.0008 1837 ± 12 
14.1 144 96 0.67 2 0.07 0.326 ± 0.011 5.035 ± 0.180 0.1119 ± 0.0008 1830±12 
15.l 128 74 0.58 4 0.16 0.335 ± 0.011 5.217±0.187 0.1129 ± 0.0008 1846 ± 13 
--
16.! 181 118 0.65 4 0.14 0.328 ± 0.011 5.117±0.180 0.1130 ± 0.0006 1848 ± 10 
17.1 202 100 0.50 3 0.08 0.328 ± 0.011 5.124 ± 0.180 0.1134 ± 0.0006 1855 ± 9 
18.l 175 128 0.73 I O.Q2 0.334 ± 0.011 5.209 ± 0.182 0.1129 ± 0.0005 1847 + 8 
19.1 150 95 0.64 2 0.08 0.340 ± 0.012 5.284 ± 0.186 0.1128 ± 0.0006 1844 ±IO 
20.l 204 64 0.31 14 0.54 0.233 ± 0.008 3.573 ±0.129 0.1114 ± 0.0010 1822 ± 16 
21.1 146 87 0.60 -2 -0.09 0.346 ± 0.012 5.339 ± 0.192 0.1119±0.0009 1831+14 
22.l 162 96 0.59 I 0.04 0.325 ± 0.011 5.060±0.180 0.1131 ± 0.0007 1850 ± 12 
23.1 185 109 0.59 0 O.QJ 0.343 ± 0.012 5.336 ± 0.187 0.1129 ± 0.0005 1846 ± 9 
24.1 210 103 0.49 I O.o3 0.333 ± O.Ql I 5.175±0.!82 0.1129 ± 0.0006 1846 ± IO 
25.! 166 95 0.57 I 0.04 0.338 ± 0.012 5.295 ± 0.186 0.1137 ± 0.0006 1859 ± 10 
26.l 116 71 0.61 7 0.32 0.339 ± 0.012 5.253 ± 0.194 0.1123 ± 0.0011 1836±18 
27.1 112 53 0.47 1 0.03 0.326 ± 0.011 5.149 ± 0.184 0.1145 ± 0.0008 1871±13 
28.l 154 86 0.56 1 0.05 0.348 ± 0.012 5.413 ±0.193 0.1129 ± 0.0007 1847 ± 12 
29.l 95 47 0.50 I 0.06 0.326 ± 0.01 l 5.042 ± 0.!83 0.1120 ± 0.0010 1833±16 
30.1 148 98 0.66 -I -O.Q3 0.339 ± 0.012 5.256 ± 0.185 0.1125 ± 0.0006 1840+10 
31.l 146 63 0.43 I 0.07 0.240 ± 0.008 3.729 ± 0.132 0.1125 ± 0.0007 1841±12 . 
32.l 140 75 0.53 -2 -0.06 0.332 ± O.QJ I 5.188±0.!85 0.1135 ± 0.0008 1855±13 
· Indicates analyses excluded for the pooled mean 207pbf206pb age. 
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Table A3.1.23. U-Pb analytical data for detrital zircons from the Hayward Creek 
Formation (quartzite) of the Tomkinson Creek Subgroup. Sample 92-298 
Grain u Th Th/U 2()4Pb %com 206pbt238u 207rbt235u 207 Pbt206 Pb 207 Pbt206 Pb 
(spot) ppm ppm ppb 206Pb (± 1 o) (± 1 o) (± l cr) Age (Ma ±lcr) 
1 170 98 0.58 8 0.18 0.498 ± 0.012 12.320 ± 0.349 0.1793 ± 0.0023 2647 ± 21 
2 443 215 0.49 28 0.38 0.301 ± 0.007 4.686 ± 0.121 0.1127 ± 0.0013 1844 + 21 
3 198 112 0.56 14 0.41 0.312±0.007 4.722 ± 0.145 0.1097 ± 0.0019 1794 ± 32 
4 170 83 0.49 5 0.16 0.332 ± 0.008 5.112 ± 0.158 0.1117±0.0019 1827±31 
5 157 121 0.77 1 0,03 0.350 ± 0.008 5.312 ± 0.152 0.1100±0.0014 1800 ± 24 
6 347 160 0.46 1 O.D2 0.340 ± 0.008 5.279±0.131 0.1127 ± 0.0010 1844 ± 16 
7 472 218 0.46 5 0.06 0.316 ± 0.007 4.935 ± 0.118 0.1131±0.0009 1850 ± 14 
8 138 195 1.42 13 0.49 0.355 ± 0.009 5.833 ± 0.195 0.1191 ±0.0024 1942±36 
9 184 159 0.87 4 0.12 0.335 ± 0.008 5.305 ± 0.159 0.1149±0.0019 1878 ± 30 
10 490 342 0.70 33 0.39 0.315 ± 0.007 4.846 ± 0.128 0.1115 ± 0.0014 1824 ± 22 
11 239 205 0.86 13 0.29 0.335 ± 0.008 5.129±0.143 0.1111±0.0015 1817± 25 
12 664 260 0.39 56 0.50 0.305 ± 0.007 4.750±0.118 0.1130±0.0011 1848 ± 18 
13 802 154 0.19 63 0.38 0.375 ± 0.008 6.973 ± 0.162 0.1348 ± 0.0009 2161±12 
14 303 136 0.45 8 0.16 0.313 ± 0.007 4.914 ± 0.129 0.1138 ± 0.0013 1860± 21 
15 679 268 0.39 3 O.D2 0.315 ± 0.007 4.958 ± 0.113 0.1140±0.0007 1865 ± 10 
16 506 89 0.18 42 0.44 0.336 ± 0.007 5.579±0.139 0.12()4 ± 0.0012 1962 ± 18 
17 332 126 0.38 12 0.16 0.417 ± 0.009 9.008 ± 0.219 0.1565 ± 0.0012 2418± 13 
18 420 325 0.77 64 0.91 
_0212.ct_QQ!lJL .±J69j:_QJ80 0.1083 ± 0.0028 1776±36 ~-----,~-- -----~------~-~--
19 115 62 0.54 11 0.55 0.299 ± 0.007 4.484 + 0.142 0.1086 + 0.0021 1771+48 
20 180 102 0.57 6 0.19 0.335 ± 0.008 5.274± 0.148 0.1142 ± 0.0015 1868 ± 24 
21 488 148 0.30 35 0.40 0.319±0.007 4.923 ± 0.126 0.1118 ± 0.0013 1829 ± 21 
·-
22 201 29 0.14 24 0.58 0.376 ± 0.009 5.635 ± 0.175 0.1088 ± 0.0020 1779±34 
23 1000 142 0.14 2 0.01 0.321±0.007 5.065 ± 0.113 0.1146 ± 0.0006 1873 ± 9 
24 65 202 3.10 15 1.38 0.306 ± 0.008 4.096 ± 0.244 0.0971 ± 0.0048 1570 + 96 
25 756 234 0.31 15 0.11 0.330 ± 0.007 5.156 ± 0.118 0.1133±0.0007 1853± 12 
26 517 172 0.33 15 0.16 0.326 ± 0.007 4.994 ± 0.120 0.1112 ± 0.0009 1819 ± 15 
27 528 116 0.22 5 0.05 0.329 ± 0.007 5.233 ± 0.123 0.1154 + 0.0008 1886± 13 
28 163 71 0.43 18 0.62 0.323 ± 0.008 4.904 ± 0.167 0.1102 ± 0.0024 1802 ± 41 
29 311 200 0.64 38 0.68 0.318 ± 0.007 4.730 ± 0.138 0.1080 + 0.0018 1765 ± 31 
30 612 366 0.60 55 0.50 0.319 ± 0.007 4.814±0.122 0.1094 ± 0.0012 1790±20 
31 366 172 0.47 19 0.28 0.326 ± 0.007 4.880 ± 0.125 0.1086 + 0.0012 1776+19 
32 505 187 0.37 10 0.10 0.333 ± 0.007 5.209 ± 0.127 0.1135 ± 0.0010 1856± 16 
33 263 41 0.16 3 0.06 0.331+0.007 5.508 ± 0.138 0.1206 ± 0.0011 1965+16 
• Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
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Table A3.1.24. U-Pb analytical data for the Attack Creek Formation siltstone. 
Sample 93-863 
Grain Uppm Th Th/U 204Pb % c.om 206pbf238u 201 Pb/235u 207 Pb/206 Pb 207 Pbt206 Pb 
(spot) ppm ppb 206Pb (± la) (± la) (±I a) Age (Ma ±la) 
1.1 202 211 1.04 35 1.16 0.272 ± 0.006 3.780±0.127 0.1008 ±0.0025 1639 ± 46 
2.1 119 111 0.93 14 0.79 0.274 ± 0.006 4.122 ± 0.135 0.1092±0.0025 1786 ± 43 
3.1 183 87 0.48 30 1.04 0.283 ± 0.006 4.098 ± 0.125 0.1051±0.0022 1717±38 
4.1 130 56 0.43 10 0.48 0.295 ± 0.006 4.343 ± 0.132 0.1068 ±0.0021 1745±37 
5.1 137 86 0.63 18 0.53 0.446 ± 0.009 9.957 ± 0.247 0.1618 ±0.0019 2474 ± 20 
6.1 148 97 0.65 10 0.42 0.288 ± 0.006 4.259 ± 0.122 0.1071 ±0.0019 1751±33 
7.1 588 496 0.84 105 3.42 0.092 ± 0.002 1.445 ± 0.054 0.1139 ± 0.0033 1862 ± 54 
8.1 196 106 0.54 12 0.42 0.272 ± 0.005 3.979±0.105 0.1062 ±0.0016 1735 + 28 
9.1 178 177 0.99 18 0.38 0.468 ± 0.009 10.707 ± 0.249 0.1660±0.0015 2518±16 
JO.I 251 114 0.45 14 0.36 0.285 + 0.006 4.240 + 0.102 0.1078 ±0.0012 1763 + 21 
!!.! 171 ' 85 0.50 5 0.16 0.319 ± 0.006 4.934 ± 0.134 0.1121 ±0.0018 1833 ± 30 
12.1 819 669 0.82 15 0.10 0.322 ± 0.006 4.943 ±0.101 0.1112 ± 0.0006 1819±9 
13.l 160 128 0.80 11 0.40 0.322 ± 0.006 4.798 ± 0.131 0.1081 ±0.0018 1768±30 
14.1 227 123 0.54 19 0.50 0.302 ± 0.006 4.409 ± 0.109 0.1060±0.0014 1731±24 
15.! 322 118 0.37 37 0.95 0.215 ± 0.004 3.314 ± 0.091 0.1116 ± 0.0019 1826±31 
16.! 52 38 0.73 9 0.99 0.307 ± 0.007 4.562 ± 0.248 0.1079 ± 0.0051 1765±88 
17.1 177 i 191 1.08 8 0.24 0.338 ± 0.007 5.318 ± 0.129 0.1143 ±0.0013 1868 ± 21 
18.l 92 27 0.29 12 0.50 0.481±0.010 10.827 ± 0.274 0.1632 ± 0.0019 2489 ± 20 
19.1 208 156 0.75 9 0.26 0.3 !i ± 0.fJ(i6 4.549 ± 0.117 0.1062±0.0015 1736 ± 26 
20.! 84 75 0.89 6 0.31 0.448 ± 0.009 10.332 ± 0.262 0.1672 ± 0.0020 2530± 20 
21.1 161 101 0.63 16 0.56 0.322 ± 0.006 4.895±0.125 0.1102±0.0015 1802 ± 25 
22.! 155 177 1.14 15 0.54 0.328 ± 0.007 5.240±0.134 0.1160±0.0016 1895 ± 25 
23.1 145 81 0.56 13 0.50 0.324 ± 0.007 4.859 ± 0.136 0.1087 ±0.0019 1778±31 
24.1 119 51 0.43 15 0.74 0.309 ± 0.006 4.419±0.135 0.1038 ± 0.0021 1693 ± 38 
24.2 148 115 0.77 7 0.28 0.305 ± 0.006 4.546 ± 0.128 0.1080 ± 0.0019 1767±33 
25.l 198 181 0.91 14 0.38 0.326 ± 0.006 5.713±0.136 0.1272±0.0014 2059 ± 20 
26.l 181 102 0.56 15 0.44 0.342 ± 0.007 5.502 ± 0.132 0.1165±0.0013 1903 ± 21 
27.1 188 94 0.50 14 0.40 0.344 ± 0.007 5.420 ± 0.130 0.1142 ± 0.0013 1867 ± 21 
28.1 182 148 0.81 19 0.61 0.305 ± 0.006 4.429±0.118 0. 1052 ± 0.0016 1718±29 
29.1 67 38 0.56 15 1.62 0.249 ± 0.005 3.547±0.178 0.1034 ±0.0044 1687±81 
30.! 222 48 0.22 13 0.34 0.306 ± 0.006 4.551 ±0.112 0.1078 ±0.0014 1763±23 
31.1 116 77 0.66 3 0.14 0.286 ± 0.006 4.380 ± 0.155 0.1112±0.0029 1819±49 
32.1 303 87 0.29 15 0.28 0.329 ± 0.006 5.203 ± 0.113 0.1146 ± 0.0009 1874 ± 14 
' Indicates analyses excluded for the pooled mean 207pbf206Pb age. 
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Table A3.1.25. U-Pb analytical data for zircons from the sheared granite in the 
Wundirgi Formation of the Flynn Subgroup. Sample 92-233 
Grain u Th ppm Th/U 204Pb %com 206rbi238u 201Pbi235u 207 Pb/206 Pb 207 Pb/206 Pb 
(spot) ppm ppb 206Pb (± 1 cr) (± 1 cr) (± 1 cr) Age (Ma ±lcr) 
I 304 171 0.56 I 0.02 0.314 ± 0.010 4.876 ± 0.!63 0.1125 ± 0.0006 1841 ±JO 
2 551 9 0.02 I 0.01 0.329 ± 0.011 5.280±0.174 0.1165 ± 0.0004 1904 ± 7 
3 261 172 0.66 2 0.04 0.320 ± 0.010 4.936±0.165 0.1119±0.0007 1830 ± 11 
4 245 112 0.46 1 0.01 0.321±0.010 5.000±0.169 0.1129 ± 0.0007 1846±12 
5 544 75 0.14 3 0.03 0.315 ± 0.010 4.820 ± 0.159 0.1110±0.0005 1816±8 
6 363 242 0.67 0 0.00 0.318 ± 0.010 4.943 ±0.164 0.1128 ± 0.0006 1846 ± 9 
7 309 158 0.51 2 0.03 0.314±0.010 4.876±0.164 0.1127 ± 0.0007 1844 ± 11 
8 916 29 0.03 2 0.01 0.435 ± 0.014 8.973 ± 0.291 0.1495 ± 0.0004 2340±4 
9 190 62 0.33 2 O.o7 0.329 ± 0.011 5.150 ± 0.175 0.1135 ± 0.0008 1855 ± 12 
10 277 125 0.45 0 O.Ql 0.322 ± 0.010 4.924±0.165 0.1108 ± 0.0006 1812± JO 
11 365 304 0.83 3 0.05 0.311 ± 0.010 4.793 ± 0.159 0.1118 ± 0.0005 1829 ± 8 
12 246 32 0.13 1 0.02 0.327±O.Ql1 5.103±0.174 0.1131 ± 0.0008 1849±13 
13 1522 182 0.12 3 0.01 0.302 ± 0.010 4.563 ±0.148 0.1096 ± 0.0003 1793 ± 4 
14 257 107 0.42 I 0.01 0.345±O.Ql1 5.310±0.178 0.1116 ± 0.0007 1826±11 
15 843 59 O.o7 3 0.02 0.301±0.010 4.576 ± 0.150 0.1103 ± 0.0004 1805 ± 6 
16 948 116 0.12 I 0.00 0.331±0.011 5.315 ± 0.173 0.1166 ± 0.0003 1905 ± 5 
17 444 133 0.30 0 0.00 0.341±0.011 5.179±0.171 0.1102 ± 0.0005 1803 + 8 
18 189 7i 0.38 I 0.02 0.509 ± O.Oi 7 12.567 ± 0.423 0.1790±0.0010 2643 ± 9 
19 803 363 0.45 I 0.00 0.314±0.010 4.865±0.159 0.!122 ± 0.0004 1836 ± 6 
20 508 359 0.71 I O.Ql 0.321+0.010 4.951+0.163 0.1119 + 0.0005 1830 ± 8 
• Indicates analyses excluded for the pooled mean 207pbJ206Pb age. 
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Table A3.1.26. U-Pb analytical data for zircons from the metamorphosed Wundirgi 
Formation of the Flynn Subgroup. Sample 92-285 
Grain u Th Th/lJ 204Pb o/o com 206pbJ238u 207pbt235u 207 Pb/206 Pb 207 Pb/206 Pb 
(spot) ppm ppm ppb 206Pb (±la) (±I a) (± lcr) Age (Ma ±lcr) 
I.I 150 32 0.21 2 0.07 0.316 ± 0.009 4.862 ± 0.157 0.1117 ±0.0009 1827±15 
2.1 126 30 0.24 I 0.06 0.323 ± 0.010 5.132±0.165 0.1153 ± 0.0010 1885 ± 15 
3.1 255 75 0.30 2 0.04 0.317 ± 0.009 4.971 ±0.155 0.1136 ± 0.0007 1857 ± 11 
4.1 90 36 0.40 0 0.02 0.316+0.0IO 4.948 ± 0.163 0.1136±0.0011 1858 + 18 
5.1 190 69 0.36 4 0.12 0.309 ± 0.009 4.715 ± 0.149 0.1106 ± 0.0008 1809 ± 13 
6.1 308 197 0.64 2 0.04 0.318 ± 0.009 4.806 ± 0.148 0.1096 ± 0.0006 1793 ± 9 
7.1 100 24 0.24 3 0.20 0.315 ± 0.010 4.821 ±0.158 0.1109±0.0011 1815 ± 18 
8.1 368 161 0.44 1 0.02 0.310 ± 0.009 4.837 ± 0.149 0.1131 ± 0.0006 1849 ± 9 
9.1 321 168 0.52 I O.D3 0.306 ± 0.009 4.654±0.143 0.1102 ± 0.0006 1802 ± 9 
10.l 270 139 0.51 I O.D3 0.304 ± 0.009 4.758 ± 0.147 0.1135 ±0.0006 1855 ± 10 
I I.I 155 114 0.73 1 0.05 0.312 ± 0.009 4.839 ± 0.153 0.1126 ± 0.0008 1842±13 
12.1 146 81 0.56 2 0.06 0.318 + 0.010 4.985 ± 0.159 0.1135 ± 0.0009 1857 + 14 
14.l 124 79 0.64 0 0.02 0.309 ± 0.009 4.840±0.153 0.1137 ± 0.0008 1859 ± 13 
15. l 729 16 O.D2 5 0.04 0.315 ± 0.009 4.910 ± 0.147 0.1129 ± 0.0003 1847 ± 5 
16.1 772 277 0.36 1 O.Dl 0.288 ± 0.009 4.402±0.132 0.1107 ± 0.0003 1811 + 5 
17.1 40 15 0.38 I 0.12 0.334 ± 0.010 5.140±0.176 0.1117 ± 0.0013 1828 ± 22 
18. l 155 82 0.53 1 0.03 0.326 ± 0.010 5.005 ± 0.158 0.1113 ± 0.0008 1821±12 
19.1 612 411 0.67 1 0.00 0.319 ± 0.009 4.894 ± 0.148 0.1112 ± 0.0004 1819±6 
20.l 164 42 0.25 I O.D3 0.324 ± 0.010 4.945 ±0.154 0.1106 ± 0.0007 1810±11 
21.1 625 149 0.24 2 O.Dl 0.512 ± 0.015 13.236 ± 0.398 0.1874±0.0005 2720± 4 
22.l 70 21 0.29 0 0.04 0.325 ± 0.010 4.960 ± 0.166 0.1105 ± 0.0012 1808 ± 20 
23.l 271 96 0.36 0 0.00 0.325 ± 0.010 5.022 ± 0.154 0.1122 ± 0.0005 1835 ± 8 
24.1 454 351 0.77 1 0.01 0.320 ± 0.009 4.908 ± 0.149 0.1114±0.0004 1822 ± 7 
25.1 239 163 0.68 1 o.m 0.318 + 0.009 4.883 + 0.152 0.1114 + 0.0007 1823+11 
26.1 368 186 0.51 3 0.05 0.331±0.010 5.128 ± 0.156 0.1123 ± 0.0005 1838 ± 8 
27.l 198 89 0.45 1 0.02 0.327 ± 0.010 5.088 ± 0.159 0.1129 ± 0.0007 1847 ± 11 
28.l 367 181 0.49 0 0.01 0.322 + 0.010 4.977 ± 0.152 0.1122 ± 0.0005 1835 ± 8 
29.l 170 101 0.59 1 0.02 0.454 ± 0.014 10.073 ± 0.308 0.1611 ±0.0007 2467 ± 7 
30.1 189 62 0.33 1 0.04 0.340±0.010 5.633 + 0.175 0.1202 + 0.0007 1959+10 
31.1 281 204 0.73 2 0.04 0.412±0.012 8.671±0.264 0.1527 ± 0.0006 2376 ± 7 
32.l 83 28 0.34 1 0.06 0.326 ± 0.010 5.000 ± 0.164 0.1112±0.0010 1818 ± 17 
· Indicates analyses excluded for the pooled mean 207pbJ206pb age. 
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Table A3.1.27. U-Pb analytical data for baddeleyite from the metamorphosed dolerite. 
Sample 94-104 
Grain IUppm Th Th/U 204Pb %com 206pb/238u 207pbp35u 207 Pbf206 Pb 2U7pbf206Pb 
(spot) I ppm ppb 206Pb (±I Cl) (±I Cl) (± I cr) Age (Ma ±lcr) 
J. l 214 7 0.04 26 0.46 0.284 ± 0.007 4.247 ± 0.111 O.J086 ± 0.0009 I 776 ± 15 
J.2 192 5 O.Q3 13 0.26 0.294 ± 0.007 4.600±0.120 0.1133 ± 0.00JO 1853 ± 15 
2.1 367 59 0.16 37 0.53 0.340 ± 0.007 5.128±0.109 0.1094±0.0007 1790±12 
2.2 394 66 0.17 33 0.48 0.339 ± 0.007 5.220±0.J07 0.1I16 ± 0.0007 1825 ± 10 
3.1 564 134 0.24 23 0.57 0.393 ± 0.007 5.848 ± 0.109 0.1080±0.0005 I 765 ± 8 
4.1 116 JO 0.09 8 0.48 0.342 ± 0.008 5.274 ± 0.134 0.1119 ± 0.0011 1830 ± 17 
4.2 134 7 0.06 II 0.19 0.335 ± 0.008 5.177±0.127 0.1122±0.0009 1834±15 
5.1 49 I 0.03 21 J.36 0.328 ± 0.011 4.835 ± 0.183 0.1070 ± 0.0019 1748±31 
6.1 157 9 0.06 22 0.44 0.303 ± 0.008 4.728 ± 0.127 0.1130 ± 0.0011 1848 ± 17 
6.2 158 17 0.1 I 30 0.64 0.317 ± 0.007 4.813 ± 0.123 0.1102±0.00JO 1803 ± 17 
7.1 121 25 0.21 I I 1.08 0.347 ± 0.008 5.105 + 0.137 O.J067 ± 0.0012 1743+21 
8.1 39 I 0.05 82 16.41 0.325 ± 0.012 5.436 ± 0.283 0.1212 ± 0.0043 1974±63 
9.1 48 I O.Q3 13 0.46 0.301±0.012 4.625 ±0.199 0.1I13 ± 0.0020 1820±32 
JO.I 236 14 0.06 15 0.24 0.336 ± 0.007 5.212 ± 0.1 JS 0.1127 ± 0.0008 1842 ± 12 
J0.2 114 7 0.06 23 0.50 0.293 ± 0.009 4.407 ±0.145 0.1093 ± 0.0014 1787 ± 23 
J0.3 159 20 0.13 3 0.23 0.279 ± 0.009 4.158 ± 0.139 O.J080+0.0014 1766±23 
1 I.I ' 73 4 0.06 61 3.26 0.355 ± O.OJO 5.518±0.173 0.1128 ±0.0017 1844 ± 27 
12.1 ' 384 47 0.12 19 0.26 0.288 + 0.006 4.389 + 0.104 0.1107 ± 0.0008 1810+ 13 
' 13.1 ! 259 21 0.08 25 0.49 0.342 ± 0.007 5.147±0.110 0.1092 ± 0.0007 1785±11 
14.1 J02 2 O.G2 18 0.99 0.330 ± 0.008 5.J08±0.!43 0.1123 ± 0.0012 1837 ± 20 
!5.1 192 5 0.03 JO 0.18 0.296 ± 0.007 4.695±0.117 0.1149 ± 0.0009 1877 ± 14 
16.1 15 0 O.Q2 I 1.86 0.360 ± 0.018 5.333 ± 0.307 0.1074 ± 0.0033 I 756 ± 56 
16.2 87 2 0.03 25 0.69 0.307 ± 0.009 4.873 ±0.152 0. 1152 ± 0.0014 1883 ± 21 
17.1 I 161 35 0.22 13 0.52 0.361±0.008 5.407 ± 0.127 0.1088 ± 0.0010 1778±16 
17.2 190 22 0.12 19 0.28 0.331 ± 0.007 4.995 ± 0. II 9 0.1093 ± 0.0009 I 788 ± 15 
18. I 118 8 O.Q7 54 0.41 0.3 I I ± 0.009 4.943 ± 0.164 0.1153 ± 0.0015 1884± 24 
Indicates analyses excluded for the pooled mean 207pbJ206pb age. 
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Table A3.1.28. U-Pb analytical data for inherited zircons from the Tennant Creek Inlier 
from specific analytical session to increase inheritance data-set. Analyses less than 
1900 Ma not included. 
(a) The Tennant Creek Granite at Red Bluff. 
Sample 90-408, grain mount# 2. 
Grain u Tu Th/U 204Pb o/o com 206pb1238u 201Pbf235u 207 Pbf206 Pb 207 Pbt206 Pb 
(spot) ppm ppm ppb 206Pb (± 1 a) (± 1 a) (± l cr) Age (Ma ±le>) 
2.1 176 113 0.64 18 0.48 0.383 ± 0.008 7.099±0.165 0.1345 ± 0.0012 2158 ± 15 
5.1 343 419 l.22 24 0.37 0.332± 0.007 5.480±0.121 0.1196 ± 0.0008 1950±12 
6.1 33 40 1.19 6 0.68 0.483 ± O.oJ 1 10.906 ± 0.367 0.1639 ± 0.0036 2496 ± 37 
8.1 27 13 0.48 11 1.89 0.393 ± 0.009 6.967 ± 0.365 0.1285 ± 0.0056 2078+ 79 
9.1 350 111 0.32 12 0.17 0.366 ± 0.007 6.334 ± 0.137 0.1257 ± 0.0007 2038 ± 10 
11.1 157 237 1.51 13 0.28 0.528 ± 0.011 13.502 ± 0.300 0.1856 ± 0.0011 2703 ± 10 
12.l 360 150 0.42 9 0.12 0.364 ± 0.007 6.538 ± 0.140 0.1303 ± 0.0006 2102 ± 8 
15.l 402 41 0.10 18 0.24 0.340 ± 0.007 5.597 ± 0.121 0.1195 ± 0.0007 1949 ± 10 
17.1 185 135 0.73 12 0.28 0.428 ± 0.009 8.517±0.191 0.1443 ± 0.0010 2279 ± 12 
18.1 149 145 0.97 57 3.12 0.213 ± 0.004 3.622 ± 0.125 0.1235 ± 0.0031 2008 ±45 
19.1 112 56 0.50 15 0.54 0.454 ± 0.009 9.985 ± 0.237 0.1597 ± 0.0014 2452 ± 15 
22.l 117 41 0.35 25 0.93 0.407 ± 0.008 7.971±0.204 0.1419±0.0018 2250± 22 
24.1 366 240 0.65 13 0.15 0.445 ± 0.009 9.715 ± 0.204 0.1584 ± 0.0006 2438 ± 6 
26.1 157 87 0.55 24 0.81 0.329 ± 0.007 6.556±0.161 0.1445 ± 0.0016 2281±19 
27.1 65i 452 0.69 51 0.39 0.360 ± 0.007 6.335 ± 0.135 0.1278 ± 0.0006 I 2067 ± 8 
.. 
(b) Felsic porphyry at the Tennant Creek airport. 
Sample 92-290. 
Grain Uppm Tu Th/U 204pb %com 206pbt238u 201Pbt235u 207 Pbf206 Pb 207 Pbt206 Pb 
(spot) ppm ppb 206Pb (± ! er) (± 1 cr) (± I er) Age (Ma±lcr) 
' 
5 261 107 0.41 21 0.46 0.317 ± 0.007 5.174±0.122 0.1185 ± 0.0011 1934 + 17 
6 945 151 0.16 20 0.09 0.347 ± 0.007 5.669 ± 0.124 0.1186±0.0008 2511 ± 4 
9 394 204 0.52 21 0.24 0.298 ± 0.006 5.043 ± 0.!14 0.1228 ± 0.0010 2287 ± 8 
11 440 333 0.76 51 0.69 0.366 ± 0.007 6.736 ± 0.138 0.1333 ± 0.0003 1997 + 14 
12 449 114 0.25 26 0.30 0.382 ± 0.008 7.146 ± 0.!56 0.1358 ± 0.0008 1936 ± 12 
17 193 336 J.74 10 0.20 0.408 ± 0.008 8.150±0.174 0.1449±0.0007 2523 + 10 
18 303 ' 74 0.24 19 0.29 0.424 ± 0.009 8.976 ± 0.199 0.1536 ± 0.0009 2174±10 ' 
20 320 154 0.48 27 0.33 0.455 ± 0.009 9.911±0.213 0.1581 ±0.0007 2435 ± 8 
21 191 204 J.06 6 0.13 0.414 ± 0.008 9.435 ± 0.194 0.1653 ± 0.0004 2518±10 
22 995 127 0.13 21 0.08 0.427 ± 0.009 9.779 ± 0.217 0.1660 ± 0.0010 2612 ± 3 
23 237 125 0.53 14 0.24 0.473 ± 0.010 10.855 ± 0.239 0.1665 + 0.0010 2386+ 10 
24 1290 905 0.70 17 0.06 0.479 ± 0.010 11.595 ± 0.237 0.1757± 0.0003 2142 ± 4 
Table A3.2.l. Mumbilla Granodiorite, muscovite, 92-219, 12.4 mg 16l 
.. ~ Temp 36Ar 37Ar 39Ar 40Ar 40Ar* 40Ar*f39K Cumulative Apparent Age (Ma Ca/K -(°C) (x 10-16 mo!) (x 10-16 moQ (x 10-13 mo!) (x 10-11 mo!) % 39 Ar(%) ± lcr) (xI0-3) ;, ._ 450 3.753 0.990 0.0412 0.0485 77.1 90.9 0.15 1274.6 ± 11.6 52.9 ~ 500 2.007 0.862 0.0354 0.0383 84.5 91.2 0.27 1277.6 ± 27.9 53.5 
550 1.911 1.138 0.0577 0.0564 90.0 88.2 0.48 1247.2 ± 16.3 43.5 
600 2.001 1.387 0.1253 0.124 95.2 94.2 0.92 1307.7 ± 9.0 24.4 
650 2.512 1.987 0.2416 0.287 97.4 115.6 1.78 1506.9 ± 4.4 18.1 
690 2.734 5.370 0.3422 0.444 98.2 127.4 3.00 1608.6 ± 2.1 34.5 
730 2.216 14.73 0.6185 0.837 99.2 134.2 5.20 1664.6 ± 2.2 52.4 
750 2.204 7.646 0.5311 0.750 99.1 140.0 7.08 1710.7± 1.9 31.7 
770 2.359 11.17 0.5860 0.839 99.2 142.1 9.17 1726.9 ± 2.1 41.9 
790 2.313 10.25 0.6982 1.011 99.3 143.8 11.65 1740.6 ± 2.2 32.3 
810 2.100 7.486 0.8853 1.295 99.5 145.6 14.80 1754.1±1.9 18.6 
830 3.588 8.061 1.233 1.815 99.4 146.4 19.18 1760.7 ± 1.9 14.4 
850 4.705 7.068 1.857 2.761 99.5 147.9 25.78 1771.9 ± 1.6 8.37 
865 3.902 4.931 2.001 3.005 99.6 149.6 32.89 1784.7 ± 2.4 5.42 
880 3.700 3.638 1.768 2.652 99.6 149.3 39.18 1783.0 ± 2.3 4.53 
900 3.094 3.597 1.595 2.373 99.6 148.2 44.85 1774.6 ± 2.5 4.96 
920 3.070 3.393 1.536 2.274 99.6 147.5 50.31 1768.7 ± 1.8 4.86 
940 4.078 3.561 1.617 2.410 99.5 148.3 56.06 1774.9 ± 2.2 4.84 
960 3.065 3.014 1.547 2.275 99.6 146.4 61.56 1760.5 ± 2.2 4.29 
980 3.569 3.365 1.697 2.505 99.6 147.0 67.59 1764.9 ± 1.8 4.36 
1000 3.773 3.684 1.963 2.885 99.6 146.4 74.57 1760.4 ± 1.6 4.13 
1020 4.195 6.433 2.492 3.671 99.6 146.8 83.43 1763.5 ± 1.9 5.68 
1040 3.491 8.734 2.245 3.326 99.7 147.7 91.41 1770.4 ± 2.0 8.56 
1070 3.205 14.85 1.582 2.294 99.6 144.4 97.04 1744.9 ± 1.3 20.7 
1100 2.701 18.25 0.429 0.542 98.5 124.6 98.56 1584.7 ± 2.9 93.6 
1350 2.649 45.05 0.404 0.520 98.6 126.9 100.00 1604.2 ± 1.9 245.0 
Tola! 78.89 200.6 28.13 41.04 145.1 1750.2 ± 2.1 
TF 4.185 0.917 1.651 2.435 99.5 147.5 100.00 1762.9 + 2.1 122.2 
A,= 5.543 x 10-IOa-I, J = 1.129 (± 0.002) x 10-2. TF =total fusion run (0.9 mg), flux monitor= GA-1550 biotite (reference age of97.9 ± 0.9 
Ma). lgg 
Quoted uncertainties are 1 cr for both J and the age of the flux monitor_ 
Table A3.2.2. Mumbilla Granodiorite, biotite, 92-219, 9.8 mg 
Temp 36Af 37Ar 39Af 40Af 40Af* 40Af*/39K Cumulative Apparent Age Ca!K 
(°C) (x 10-I6mol) (x 10-16 mo!) \x 10-13 mo!) (x 10-11 mo!) % 39Af(%) (Ma± lcr) (xl0-3) 
500 117.5 6.570 0.187 0.530 34.5 97.5 1.25 1356.1 ± 12.3 77.1 
550 33.28 7.542 0.177 0.235 58.1 77.1 2.43 1145.2 ± 8.9 93.7 
600 48.50 25.16 0.768 0.556 74.2 53.8 7.56 868.4 ± 1.9 72.1 
650 75.95 11.67 1.408 1.865 87.9 116.5 16.96 1532.9 ± 3.1 18.2 
690 24.87 2.873 1.910 3.004 97.5 153.4 29.71 1833.7 ± 1.2 3.31 
720 7.475 2.806 2.523 3.927 99.4 154.8 46.55 1844.1 ± 1.6 2.45 
740 4.796 1.989 2.040 3.141 99.5 153.3 60.16 1833.1 ± 1.2 2.15 
760 3.621 3.300 1.294 1.987 99.4 152.7 68.80 1828.4 ± 1.7 5.61 
780 2.267 3.439 0.842 1.319 99.5 155.9 74.42 1852.8 ± 1.8 8.99 
800 3.145 4.484 0.460 0.731 98.7 156.9 77.49 1860.3 ± 3.0 21.5 
820 2.920 4.315 0.356 0.573 98.5 158.5 79.86 1871.7 ± 2.4 26.7 
850 3.516 9.052 0.364 0.581 98.2 156.8 82.30 1859.0 ± 1.5 54.7 
900 3.251 12.08 0.310 0.517 98.2 163.6 84.37 1908.7 ± 2.4 85.6 
950 4.844 37.27 0.792 1.374 99.0 171.7 89.65 1966.6 ± 3.0 104.0 
1000 5.423 40.33 0.974 1.620 99.0 164.7 96.15 1916.8 ± 1.5 91.1 
1050 4.093 62.87 0.403 0.630 98.2 153.5 98.84 1834.8 ± 2.0 343.0 
1100 3.195 53.03 0.112 0.149 94.0 125.0 99.59 1607.1 ± 9.1 1040 
1350 3.214 14.28 0.062 0.084 88.9 121.3 100.00 1574.9 ± 12.0 509.0 
Total 351.8 303.1 14.98 22.82 145.4 1772.8 ± 2.1 
TF 0.259 0.188 0.986 1.521 95.0 146.5 100.00 1781.6± 3.9 41.9 
'A= 5.543 x 10-IOa-l, J = 1.150 (± 0.002) x 10-2, TF =total fusion run (0.9 mg), flux monitor= GA-1550 biotite (reference age of 97.9 ± 0.9 
Ma). 
Quoted uncertainties are 1 cr for both J and the age of the flux monitor. 
I~ 
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Table A3.2.3. Warrego Granite, muscovite, 92-218, 8.9 mg lg 
~ Temp 36Af 37Ar 39Af 40Af 40Ar* 40Ar*J39K Cumulative Apparent Age Ca/K ~ ("C) (x 10-16 mol) (x 10-16 mo!) (x 10-13 mo!) (x 10-11 mol) % 39 Ar(%) (Ma± lcr) (xl0-3) ;::: ._ 550 5.702 3.766 0.165 0.191 91.2 106.0 0.64 1441.1±5.0 0.05 ~ 600 1.468 14.42 0.107 0.130 96.8 117.4 1.05 1544.4 ± 4.7 295.0 
650 1.701 6.039 0.243 0.309 98.4 124.8 1.99 1609.4 ± 3.4 0.05 
700 0.870 11.27 0.531 0.693 99.6 130.0 4.05 1653.1 ± 1.9 0.05 
750 2.173 0.580 1.025 1.349 99.5 130.9 8.02 1660.6 ± 1.5 0.01 
780 2.377 34.14 1.102 1.449 99.5 131.0 12.28 1660.8 ± 1.1 68.2 
800 3.261 0.581 1.452 1.919 99.5 131.5 17.90 1665.0 ± 1.2 0.88 
820 2.435 1.066 1.973 2.625 99.7 132.7 25.53 1675.1 ± 2.7 1.19 
840 2.616 0.582 2.518 3.336 99.7 132.ll 35.28 1670.6 ± 1.3 0.51 
860 1.412 0.895 3.125 4.142 99.9 132.4 47.37 1672.6 ± 1.7 0.63 
880 1.867 4.079 2.149 2.866 99.8 133.li 55.69 1678.3 ± 0.9 4.18 
900 2.362 11.45 1.496 1.992 99.6 132.7 61.48 1674.9 ± 9.9 16.8 
920 2.582 0.590 1.305 1.745 99.5 133.0 66.53 1678.0 ± 0.7 0.99 
940 1.959 0.590 I.244 1.661 99.6 133.0 71.35 1677.5 ± 1.1 1.04 
960 2.452 3.798 1.404 1.874 99.6 132.9 76.78 1677.0 ± 0.9 5.95 
980 2.567 2.562 1.803 2.400 99.7 132.6 83.76 1674.8 ± 1.6 3.13 
1000 2.322 0.592 I.835 2.448 99.7 133.0 90.86 1677.5 ± I.I 0.71 
1020 1.530 0.592 1.460 1.948 99.7 133.1 96.51 1678.6 ± 1.6 0.89 
1040 1.073 0.593 0.682 0.908 99.6 132.6 99.15 1674.7 ± 1.5 1.91 
1060 0.469 3.962 0.114 0.148 99.1 128.7 99.59 1642.0 ± 5.7 76.5 
1350 0.839 1.306 0.106 0.110 97.7 101.6 100.00 1399.9 ± 5.9 27.1 
Total 44.04 103.4 25.84 34.24 132.0 1669.4 ± 2.0 
TF 160.8 0.088 2.522 37.90 87.4 131.4 100.00 1664.2 + 2.0 0.08 
A,= 5.543 x 10-lOa-1, J = 1.154 (± 0.003) x 10-2, TF =total fusion run (1.4 mg), flux monitor= GA-1550 biotite (reference age of 97.9 ± 0.9 
Ma). 
Quoted uncertainties are I cr for both J and the age of the flux monitor. 
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Table A3.2.4. Wundirgi Fonnation, metamorphic muscovite, 92-222, 9.8 mg lg 
Ca/K ~ Temp 36Af 37Ar 39;\r 40Af 40Af* 40Ar*/39j( Cumulative Apparent Age -(°C) (x 10-16 mo!) (x 10-16 mol) (x 10-!3 mol) (x 10-11 mo!) % 39 Ar(%) (Ma± lcr) (xlQ-3) ;::: ...... 500 4.278 2.103 0.042 0.055 76.8 101.0 0.16 1380.7 ± 30.2 11.1 \Q 550 1.596 6.843 0.039 0.038 87.3 82.8 0.30 1197.8 ± 15.3 38.5 :t: 
600 2.120 0.800 0.092 0.081 92.2 81.4 0.65 1182.9 ± 7.1 1.92 
650 2.242 1.111 0.157 0.179 96.3 109.8 1.23 1462.9 ± 4.2 1.56 
700 1.746 1.793 0.279 0.375 98.6 132.3 2.28 1657.7 ± 3.6 1.41 
750 2.358 1.980 0.513 0.691 99.0 133.3 4.20 1665.7 ± 2.4 0.85 
780 2.115 2.872 0.563 0.767 99.2 134.9 6.31 1678.9 ± 1.8 1.12 
820 2.473 6.899 0.977 1.336 99.4 136.0 9.97 1687.3 ± 1.6 1.55 
840 3.458 0.791 0.961 1.324 99.2 136.7 13.57 1692.8 ± 1.6 0.18 
860 4.170 2.322 1.998 2.780 99.5 138.5 21.06 1707.3 ± 1.6 0.26 
880 4.740 6.142 3.267 4.520 99.7 137.9 33.30 1702.7 ± 1.8 0.41 
900 2.846 3.613 1.811 2.511 99.6 138.2 40.09 1704.7 ± 1.9 0.44 
930 3.152 3.742 1.746 2.406 99.6 137.3 46.63 1697.5 ± 1.5 0.47 
960 3.365 5.667 1.592 2.197 99.5 137.3 52.60 1697.9 ± 1.7 0.78 
1000 4.020 2.652 1.826 2.525 99.5 137.6 59.44 1699.9 ± 1.9 0.32 
1050 5.106 6.530 3.518 4.848 99.7 137.3 72.62 1698.2 ± 1.8 0.41 
1100 6.007 14.54 6.209 8.629 99.8 138.7 95.89 1708.7 ± 2.0 0.52 
1120 1.891 4.393 0.949 1.323 99.6 138.9 99.44 1710.5 ± 2.1 1.02 
1150 1.392 1.022 0.105 0.146 97.2 135.1 99.84 1680.2 ± 7.4 2.15 
1350 1.591 2.454 0.044 0.056 91.6 117.9 100.00 1535.0 ± 16.4 12.4 
Total 60.67 78.27 26.69 36.78 137.1 1696.5 ± 2.0 
TF 4.030 7.560 1.566 2.165 99.4 137.4 100.00 1698.7 ± 1.7 10.6 
A.= 5.543 x 10-lOa-l, J = 1.138 (± 0.001) x 10-2, TF =total fusion run (1.1 mg), flux monitor= GA-1550 biotite (reference age of 97.9 ± 0.9 
Ma). 
Quoted uncertainties are 1 cr for both J and the age of the flux monitor. 
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Table A3.2.5. Eldorado Mine, hydrothermal muscovite, 92-221, 12.2 mg IQ 
~ Temp 36Af 37Ar 39Af 40Af 40Ar* 40Ar*/39K Cumulative Apparent Age Ca/K (°C) \x 10-l6mol) (x 10-16 mo!) (x 10-13 mol) (x 10-11 mo!) % 39 Ar(%) (Ma±lcr) (xlQ-3) 500 4.542 11.24 0.076 0.078 82.8 85.2 0.23 1196.9 ± 9.5 327.0 550 3.105 24.92 0.060 0.063 85.3 88.9 0.41 1234.5 ± 20.4 913.0 :t:
600 3.139 15.22 0.134 0.153 93.9 107.4 0.82 1411.5 ± 4.9 250.0 
650 4.131 0.614 0.254 0.382 96.8 145.3 1.59 1728.0 ± 3.2 5.31 
700 3.851 12.22 0.545 0.867 98.7 156.8 3.25 1813.8 ± 2.4 49.3 
730 2.911 7.506 0.687 1.090 99.2 157.4 5.34 1818.4 ± 1.6 24.0 
760 4.309 2.976 1.023 1.606 99.2 155.8 8.45 1806.3 ± 0.8 6.40 
780 3.996 0.616 1.291 2.004 99.4 154.3 12.38 1795.7± 1.0 1.05 
800 4.141 4.933 1.304 2.015 99.4 153.6 16.34 1790.5 ± 1.0 8.32 
820 4.280 4.114 1.637 2.520 99.5 153.2 21.32 1787.3 ± 1.2 5.53 
840 2.391 3.187 2.062 3.204 99.8 155.0 27.59 1800.8 ± 2.4 3.40 
860 3.070 0.757 2.253 3.455 99.7 152.9 34.44 1785.4 ± 1.4 0.74 
880 2.207 0.626 2.131 3.277 99.8 153.4 40.92 1789.1 ± 2.0 0.65 
900 1.760 2.155 2.040 3.136 99.8 153.5 47.12 1789.4 ± 1.3 2.32 
920 3.005 0.627 1.918 2.939 99.7 152.7 52.96 1783.8 ± 0.8 0.72 
940 1.657 0.628 2.(>46 3.150 99.8 153.7 59.18 1791.3 ± 1.4 0.67 
960 3.695 0.756 2.413 3.706 99.7 153.1 66.52 1786.7 ± 1.9 0.69 
980 2.214 0.839 2.776 4.269 99.8 153.5 74.96 1789.9 ± 2.0 0.66 
1000 4.775 0.888 2.908 4.451 99.7 152.5 83.80 1782.6 ± 1.7 0.67 
1020 2.330 3.719 2.643 4.060 99.8 153.3 91.84 1788.5 ± 1.5 3.10 
1040 1.647 0.637 1.823 2.821 99.8 154.4 97.38 1796.6 ± 1.6 0.77 
1060 0.881 0.637 0.609 0.948 99.7 155.3 99.24 1802.9 ± 2.0 2.30 
1100 2.029 0.638 0.145 0.231 97.4 155.0 99.68 1800.9 ± 3.6 9.66 
1350 2.389 1.241 0.106 0.171 95.9 154.9 100.00 1800.3 ± 9.2 25.7 
Total 72.46 101.7 32.88 50.60 153.2 1787.4 ± 1.7 
TF 3.262 0.861 2.732 4.179 99.8 152.6 100.00 1782.8 + 5.5 0.69 
A.= 5.543 x 10-!0a-l, J = 1.105 (± 0.001) x 10-2, 1F =total fusion run (1.7 mg), flux monitor= GA-1550 biotite (reference age of 97.9 ± 0.9 
Ma. 
Quoted uncertainties are 1 cr for both J and the age of the flux monitor. 
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Table A3.2.6. White Devil Mine, hydrothennal muscovite, 92-228, 10.6 mg 19 
Temp 36Af 37Ar 39Af 40Af 40Af* 40Ar*/39K Cumulative Apparent Age Ca/K ~ (OC) (x 10-l6mol) (x 10-16 mo!) (x 10-13 mo!) (x 10-11 mo!) % 39 Ar(%) (Ma± la) (xl0-3) 550 6.436 5.912 0.083 0.113 83.2 113.4 0.32 1494.2 ± 8.5 156.0 600 5.076 10.50 0.086 0.099 85.0 99.1 0.65 1360.8 ± 14.4 270.0 ':t: 
650 1.950 6.967 0.146 0.214 97.3 142.1 1.21 1734.2 ± 6.0 105.0 
700 3.667 10.66 0.315 0.483 97.7 149.9 2.42 1794.5 ± 2.8 74.5 
750 4.785 8.277 0.771 1.195 98.8 153.2 5.38 1818.9 ± 1.7 23.6 
780 4.168 0.679 0.971 1.431 99.1 146.1 9.11 1765.1 ± 1.8 1.54 
800 2.948 0.679 0.931 1.360 99.3 145.2 12.69 1758.5 ± 1.3 1.61 
820 4.332 3.012 1.075 1.573 99.2 145.2 16.82 1758.0 ± 1.1 6.17 
840 3.211 3.543 1.331 1.958 99.5 146.4 21.93 1767.7 ± 0.9 5.86 
860 4.306 0.689 1.662 2.437 99.5 145.9 28.31 1763.5 ± 0.7 0.91 
880 3.681 0.690 1.797 2.637 99.6 146.2 35.22 1765.7 ± 1.3 0.84 
900 3.881 0.691 1.700 2.492 99.5 145.9 41.75 1763.8 ± 1.1 0.89 
920 4.095 4.147 1.569 2.290 99.5 145.2 47.77 1758.2 ± 1.3 5.82 
940 3.174 0.6.92 1.660 2.428 99.6 145.6 54.15 1761.6 ± 1.5 0.92 
960 4.347 5.400 1.685 2.471 99.5 145.91 60.63 1763.7 ± 1.2 7.05 
980 3.023 0.6.93 1.688 2.478 99.6 146.2 67.11 1766.2 ± 2.0 0.90 
1000 3.880 8.419 2.012 2.970 99.6 147.0 74.84 1772.3 ± 1.5 9.21 
1020 3.204 0.694 2.239 3.336 99.7 148.5 83.45 1783.8 ± 1.3 0.68 
1040 3.209 15.61 2.350 3.542 99.7 150.3 92.48 1797.4 ± 1.9 14.6 
1060 3.078 4.219 1.285 1.939 99.5 150.1 97.41 1796.1±1.2 7.22 
1100 2.696 16.11 0.444 0.678 98.8 150.7 99.12 1800.4 ± 2.6 79.8 
1350 4.237 11.11 0.229 0.358 96.5 150.9 100.00 1802.l ± 5.8 107.0 
Total 83.38 119.4 26.03 38.48 146.9 1771.3 ± 1.5 
TF 3.842 11.77 1.527 2.256 99.5 146.9 100.00 1771.6 + 1.6 17.0 
A.= 5.543 x 10-lOa-l, J = 1.136 (± 0.002) x 10-2, TF = total fusion run (1.1 mg), flux monitor = GA-1550 biotite (reference age of 97 .9 ± 0.9 
Ma). 
Quoted uncertainties are 1 CJ for both J and the age of the flux monitor. 
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Table A3.2.7. White Devil Mine, hydrothermal muscovite, 92-229, 8.3 mg I~ 
~ Temp 36Af 37Ar 39Ar 40Af 40Af* 40Ar*f39K Cumulative Apparent Age Ca/K ~ ("C) (x 10-16 mo!) (x 10-16 mo!) (x 10-13 mo!) (x 10-11 mo!) % 39 Ar(%) (Ma± lcr) (xJ0-3) ;::, ..... 550 4.558 1.379 0.0615 0.090 85.0 124.4 0.25 1591.2 ± 7.8 49.4 ~ 600 1.843 4.610 0.0597 0.070 92.2 107.8 0.49 1444.2 ± 25.7 170.0 
650 2.695 5.050 0.111 0.159 95.0 136.5 0.94 1690.8 ± 6.9 101.0 
700 3.027 3.305 0.248 0.386 97.7 151.8 1.96 1810.1 ± 4.5 29.3 
750 4.175 5.192 0.663 1.084 98.8 161.8 4.66 1883.3 ± 1.8 17.2 
780 2.192 7.574 0.797 1.190 99.4 148.6 7.91 1785.5 ± 1.7 20.9 
820 3.070 0.719 1.524 2.270 99.6 148.3 14.12 1783.2 ± 1.6 1.04 
850 4.102 1.623 2.117 3.143 99.6 147.9 22.75 1780.0 ± 1.9 1.69 
870 3.312 2.920 2.128 3.137 99.7 147.0 31.43 1773.1 ± 2.1 3.02 
890 3.341 4.065 1.775 2.611 99.6 146.5 38.67 1769.6 ± 1.8 5.04 
910 2.905 1.964 1.596 2.354 99.6 146.9 45.18 1772.9 ± 1.9 2.71 
940 3.690 4.400 1.781 2.622 99.6 146.6 52.44 1769.9 ± 1.5 5.44 
970 3.598 4.592 1.881 2.784 99.6 147.5 60.11 1776.8 ± 1.5 5.37 
990 4.087 1.004 2.012 2.975 99.6 147.3 68.31 1775.4 ± 2.5 I.IO 
1010 3.642 2.170 2.075 3.105 99.6 149.0 76.77 1788.9 ± 1.6 2.30 
1030 3.705 6.579 2.382 3.577 99.7 149.7 86.49 1793.6 ± 1.9 6.08 
1050 2.987 0.763 1.825 2.749 99.7 150.1 93.93 1796.6 ± 1.7 0.92 
1070 2.924 5.206 0.857 1.294 99.3 150.0 97.42 1796.0 ± 2.2 13.4 
1100 1.077 2.917 0.296 0.454 99.3 152.2 98.63 1812.7 ± 3.7 21.7 
1200 1.418 7.790 0.125 0.192 97.8 150.4 99.14 1799.3 ± 6.4 137.0 
1350 1.434 3.818 0.211 0.327 98.7 152.6 100.00 1815.7 ± 4.3 39.8 
Total 63.78 77.64 24.52 36.57 148.3 1783.5 ± 2.0 
TF 5.586 3.567 2.053 3.066 99.4 148.5 100.00 1784.9 ± 2.2 3.82 
'A= 5.543 x JO·lOa-1, J = 1.138 (± 0.001) x 10-2, TF =total fusion run (1.3 mg), flux monitor= GA-1550 biotite (reference age of 97.9 ± 0.9 
Ma). 
Quoted uncerlainties are 1 a for both J and the age of the flux monitor. 
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Table A3.2.8. White Devil Mine, hydrothermal muscovite from altered felsic porphyry dyke, 92-292, 13.7 mg 
Temp 36Af 37Ar - 39Af 40Af 40Ar* 40Ar*/39K · Cumulative Apparent Age Ca/K 
("LI (x 10-16 mo!) (x 10- 16 mo!) (x 10-13 moQ (x 10-ll mo!) % 39 Ar(%) (Ma± lcr) (xI0-3) 
550 6.287 3.641 0.223 0.223 91.6 91.5 0.63 1284.0 ± 3.9 35.9 
600 2.762 3.806 0.2580 0.231 96.4 86.4 1.37 1231.4 ± 3.3 32.5 
650 2.870 4.492 0.495 0.568 98.5 112.9 2.77 1486.7 ± 1.5 20.0 
700 3.593 4.987 0.980 1.224 99.1 123.8 5.55 1581.9 ± 1.8 11.2 
750 3.399 4.442 1.808 2.384 99.6 131.3 10.69 1644.3 ± 1.5 5.40 
790 3.806 3.225 2.224 3.010 99.6 134.8 17.01 1672.9 ± 1.8 3.19 
820 4.011 3.031 2.734 3.768 99.7 137.4 24.77 1693.8 ± 1.9 2.44 
840 2.492 3.536 1.451 2.044 99.6 140.3 28.89 1717.0 ± 1.4 5.36 
860 3.755 2.467 2.743 3.858 99.7 140.2 36.68 1716.4 ± 1.8 1.98 
880 4.166 6.960 2.923 4.147 99.7 141.4 44.98 1725.9 ± 1.7 5.24 
900 3.278 8.647 1.930 2.749 99.6 141.9 50.47 1729.4 ± 1.5 9.86 
920 4.638 3.143 3.308 4.743 99.7 143.0 59.86 1737.8 ± 1.8 2.09 
940 4.546 4.353 3.292 4.730 99.7 143.2 69.21 1740.1 ± 2.1 2.91 
960 4.490 2.978 2.806 4.032 99.7 143.2 77.18 1740.0 ± 2.0 2.34 
980 3.778 2.465 2.522 3.646 99.7 144.1 84.34 1746.9 ± 2.2 2.15 
1000 2.739 4.698 1.962 2.852 99.7 144.9 89.91 1752.9 ± 1.5 5.27 
1020 3.681 8.541 1.568 2.285 99.5 145.1 94.37 1754.2 ± 1.5 12.0 
1050 2.260 8.583 1.276 1.863 99.6 145.5 97.99 1757.3 ± 1.2 14.8 
1080 1.129 22.63 0.322 0.439 99.2 135.4 98.90 1678.0 ± 2.7 155.0 
1130 2.421 40.03 0.211 0.209 96.6 95.8 99.50 1326.5 ± 4.5 417.0 
1350 2.064 24.27 0.175 0.200 96.9 110.6 100.00 1466.0 ± 4.1 305.0 
Total 72.17 170.9 35.21 49.20 139.l 1707.6± 1.8 
TF 5.549 5.408 2.162 3.041 99.4 139.8 100.00 1713.3 + 1.6 5.50 
A= 5.543 x 10-lOa-1, J = 1.133 (± 0.002) x 10-2, TF =total fusion run (1.2 mg), flux monitor= GA-1550 biotite (reference age of97.9 ± 0.9 
Ma). 
Quoted uncertainties are 1 cr for both J and the age of the flux monitor. 
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Table A3.2.9. Juno Mine, hydrothennal muscovite (mineralisation-related). 92-555, 10.7 mg 19 
~ Temp 36Af 37Ar 39Ar 40Af 40Ar* 40Ar*/39K Cumulative Apparent Age Ca/K N (°Q (x 10-16 mol) (x 10-16 mol) (x 10-13 mol) (x 10- t l mol) % 39 Ar(%) (Ma± lcr) (xlQ-3) . ..... 550 7.213 14.64 0.071 0.124 82.8 143.7 0.28 1512.6 ± 5.6 452.0 ~ 600 1.652 1.231 0.065 0.117 95.8 171.4 0.54 1699.8 ± 14.0 41.5 
650 2.294 1.232 0.128 0.256 97.3 195.3 1.05 1846.9 ± 7.2 21.2 
700 2.391 6.534 0.324 0.656 98.9 200.1 2.33 1875.3 ± 2.5 44.4 
750 3.191 3.525 0.728 1.439 99.3 196.4 5.22 1853.2 ± 2.6 10.7 
780 2.616 1.235 0.835 1.664 99.5 198.4 8.53 1865.1 ± 6.7 3.25 
800 1.354 4.737 1.071 2.076 99.8 193.4 12.78 1835.6 ± 2.6 9.73 
820 3.138 4Ll8 1.639 3.175 99.7 193.2 19.28 1834.3 ± 1.3 55.3 
840 4.663 10.07 2.681 5.176 99.7 192.5 29.91 1830.5 ± 1.9 8.26 
860 3.182 2.041 2.915 5.593 99.8 191.5 41.47 1824.5 ± 1.5 1.54 
880 1.703 1.634 2.075 3.989 99.9 192.0 49.69 1827.1 ± 1.6 1.73 
900 1.174 1.598 1.917 3.680 99.9 191.7 57.30 1825.7 ± 1.8 1.83 
920 2.905 1.643 2.039 3.927 99.8 192.2 65.38 1828.4 ± 1.8 1.77 
940 3.300 28.75 2.080 3.992 99.7 191.5 73.63 1824.2 ± 1.7 30.4 
960 1.267 1.712 2.243 4.326 99.9 192.6 82.53 1831.1 ± 1.7 1.68 
980 0.875 1.683 2.125 4.103 99.9 193.0 90.95 1833.1 ± 1.7 1.74 
1000 0.562 1.263 1.432 2.764 99.9 192.8 96.63 1832.3 ± 1.6 1.94 
1020 0.488 16.44 0.595 1.144 99.9 192.0 98.99 1827.5 ± 1.6 60.8 
1040 0.853 15.83 0.126 0.243 99.0 190.6 99.49 1818.7 ± 4.7 275.0 
1350 0.721 28.40 0.129 0.248 99.1 190.9 100.00 1820.8 ± 5.2 486.0 
Total 45.54 185.4 25.22 48.69 192.5 1830.5 ± 2.1 
TF 1.900 1.643 2.258 4.339 99.9 191.9 100.00 1826.6 + 2.1 1.60 
A.= 5.543 x 10-lOa-1, J = 0.913 (± 0.001) x 10-2• 1F =total fusion run (1.7 mg), flux monitor= GA-1550 biotite (reference age of 97.9 ± 0.9 
Ma). 
Quoted uncertainties are 1 cr for both J and the age of the flux monitor. 
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Table A3.2.10. Juno Mine, hydrothennal muscovite (ironstone-related), 92-556, 10.7 mg I~ 
Cumulative CaJK ~ Temp 36Af 37Ar 39Ar 40Af 40Ar* 40Ar*/39K Apparent Age ("C) (x 10-l6mol) (x 10-16 mo!) (x 10-13 mol) (x 10-11 mol) % 39 Ar(%) (Ma± lcr) (xlQ-3) 550 4.400 1.159 0.100 0.153 91.5 139.7 0.40 1479.0 ± 6.4 25.6 600 1.506 12.76 0.122 0.155 97.1 124.8 0.88 1361.4 ± 4.7 231.0 ':t: 
650 1.153 11.94 0.206 0.389 99.1 187.1 1.70 1790.5 ± 3.6 128.0 
700 1.799 1.161 0.534 1.069 99.5 198.9 3.83 1860.6 ± 1.4 4.78 
750 2.970 2.159 1.215 2.393 99.6 196.2 8.66 1844.8 ± 1.0 3.91 
780 1.135 6.980 1.354 2.640 99.9 194.6 14.05 1835.7 ± 1.2 11.3 
800 1.381 10.65 1.387 2.691 99.8 193.7 19.57 1830.0 ± 1.3 16.9 
820 1.372 7.072 1.509 2.920 99.8 193.2 25.57 1827.1 ± 1.3 10.3 
840 1.814 10.26 1.594 3.087 99.8 193.3 31.91 1827.5 ± 1.01 14.2 
860 1.874 1.168 1.561 3.014 99.8 192.7 38.12 1824.0 ± 1.0 1.65 
880 0.564 1.169 1.458 2.812 99.9 192.7 43.92 1824.3 ± 1.1 1.76 
900 2.631 5.847 1.572 3.035 99.7 192.5 50.18 1823.1 ± 1.2 8.18 
920 3.070 1.416 1.893 3.646 99.7 192.1 57.71 1820.2 ± 1.5 1.65 
940 1.llO 22.70 1.960 3.790 99.9 193.2 65.51 1826.9 ± 1.6 25.5 
960 1.493 1.450 1.905 3.675 99.9 192.7 73.08 1824.0 ± 4.4 1.67 
980 0.824 9.054 1.889 3.661 99.9 193.6 80.60 1829.7 ± 1.7 10.5 
1000 2.159 1.484 1.885 3.651 99.8 193.3 88.10 1828.0 ± 2.0 1.73 
1020 1.626 6.025 1.625 3.154 99.8 193.8 94.56 1830.6 ± 1.5 8.16 
1040 1.248 1.208 0.918 1.776 99.8 193.0 98.21 1825.9 ± 0.3 2.89 
1060 1.065 41.40 0.248 0.481 99.3 192.9 99.20 1825.2 ± 2.3 367.0 
1350 0.706 24.63 0.201 0.385 99.5 190.9 100.00 1813.1 ± 3.9 270.0 
Total 35.90 181.7 25.14 48.58 192.0 1824.7 ± 1.7 
TF 2.422 19.03 1.273 2.458 99.7 192.5 100.00 1822.8 + 0.3 32.9 
'A= 5.543 x 10-IOa-l, J = 0.911 (± 0.001) x 10-2, TF =total fusion run (0.9 mg), flux monitor= GA-1550 biotite (reference age of 97.9 ± 0.9 
Ma). 
Quoted uncertainties are 1 cr for both J and the age of the flux monitor. 
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Table A3.2.11. Argo Mine. hydrothermal muscovite (mineralisation related), 92-557, 13.4 mg 19 
Temp 36Ar 37Ar 39Ar 40}\r-- 40Ar* 40Ar*/39K Cumulative Apparent Age Ca/K ~ (°C) !x 10-16 moQ !x 10-16 moQ (x 10-13 mol! (x 10-11 moQ % 39 Ar(%) (Ma± la) (xl0-3) 600 7.398 14.63 0.343 0.415 94.7 114.5 1.17 1276.5 ± 2.9 93.7 650 1.158 1.389 0.301 0.559 99.4 184.9 2.20 1766.1 ± 3.0 10.2 ~
700 1.279 1.390 0.627 1.310 99.7 208.4 4.35 1903.5 ± 2.3 4.88 
750 1.070 1.391 1.356 2.730 99.9 201.0 8.98 1861.6 ± 1.1 2.26 
780 1.109 1.392 1.557 3.073 99.9 197.0 14.31 1838.4 ± 1.5 1.97 
800 1.497 1.393 1.668 3.276 99.9 196.1 20.01 1832.8 ± 1.3 1.84 
820 0.639 1.817 1.974 3.873 99.9 196.1 26.76 1833.0 ± 1.6 2.03 
840 0.453 1.841 2.133 4.168 100.0 195.3 34.05 1828.2 ± 2.0 1.90 
860 1.063 1.916 2.221 4.348 99.9 195.6 41.65 1830.0 ± 1.8 1.90 
880 1.044 1.691 1.876 3.660 99.9 194.9 48.06 1825.8 ± 2.1 1.98 
900 0.765 1.582 1.855 3.627 99.9 195.4 54.41 1828.5 ± 2.0 1.88 
920 2.289 1.778 2.008 3.925 99.8 195.1 61.27 1826.8 ± 2.1 1.95 
940 1.095 1.905 2.209 4.318 99.9 195.3 68.83 1828.4 ± 2.1 1.90 
960 1.122 13.66 2.340 4.581 99.9 195.6 76.83 1829.8 ± 1.5 12.8 
980 0.825 ll.45 2.398 4.670 99.9 194.7 85.03 1824.3 ± 1.6 10.5 
1000 0.558 1.977 2.261 4.416 99.9 195.2 92.76 1827.5 ± 2.2 1.92 
1020 0.295 7.211 1.358 2.647 100.0 194.8 97.40 1825.0 ± 1.7 11.7 
1040 0.381 11.60 0.514 1.004 99.9 195.2 99.16 1827.6 ± 2.3 49.7 
1350 0.970 14.49 0.246 0.484 99.4 195.9 100.00 1831.5 ± 3.8 130.0 
Total 25.01 94.51 29.25 57.09 194.9 1825.9 ± 1.8 
TF 1.578 1.386 1.238 2.422 99.8 195.2 100.00 1827.4 ± 1.1 2.46 
'A= 5.543 x 10-IOa-l, J = 0.899 (± 0.001) x 10-2, TF =total fusion run (l.5 mg), flux monitor= GA-1550 biotite (reference age of 97.9 ± 0.9 
Ma). 
Quoted uncertainties are 1 cr for both J and the age of the flux monitor. 
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Table A3.2.12. Peko Mine, hydrothermal muscovite (mineralisation related), 92-559, I0.2 mg lg 
~ Temp 36Ar 37Ar 39Ar 40Ar 40Ar* 40Ar*/39K Cumulative Apparent Age Ca/K (OC) (x 10-16 mo!) (x 10-16 mo!) (x 10-13 mo!) (x 10-ll mo!) % 39 Ar(%) (Ma± lo) (xJ0-3) 600 6.654 3.267 0.138 0.248 92.l 165.7 0.58 1643.2 ± 6.1 52.1 650 1.287 1.286 0.168 0.343 98.9 202.0 1.28 1864.7 ± 3.5 16.8 ~
700 1.291 21.08 0.393 0.801 99.5 203.1 2.92 1871.0 ± 1.8 118.0 
750 2.223 1.332 0.987 1.972 99.7 199.2 7.04 1849.0 ± 1.4 2.97 
780 1.045 1.333 1.061 2.093 99.8 196.9 11.47 1835.2 ± 1.4 2.76 
800 1.122 1.334 1.086 2.137 99.8 196.5 16.00 1832.9 ± 2.0 2.70 
820 1.740 1.335 1.396 2.730 99.8 195.3 21.83 1825.7 ± 1.1 2.10 
840 3.290 1.724 2.090 4.089 99.7 195.2 30.56 1825.1 ± 1.6 1.81 
860 0.967 2.030 2.492 4.877 99.9 195.6 40.97 1827.6 ± 1.9 1.79 
880 1.278 1.632 1.825 3.550 99.9 194.3 48.59 1820.0 ± 1.6 1.97 
900 0.204 1.340 1.595 3.108 100.0 194.8 55.25 1822.9 ± 1.9 1.85 
920 0.345 1.341 1.663 3.232 100.0 194.3 62.19 1820.1 ± 1.1 1.77 
940 0.974 1.546 1.828 3.581 99.9 195.7 69.83 1828.5 ± 1.8 1.86 
960 1.943 1.785 2.075 4.047 99.8 194.7 78.49 1822.6 ± 1.5 1.89 
980 1.748 1.782 2.164 4.237 99.9 195.5 87.53 1827.1 ± 1.8 1.81 
1000 1.317 1.345 1.675 3.266 99.9 194.7 94.53 1822.4 ± 13.2 1.77 
1020 0.594 20.27 0.870 1.705 99.9 195.7 98.16 1828.4 ± 1.0 51.3 
1040 0.460 40.21 0.238 0.463 99.7 194.1 99.16 1818.4 ± 2.2 372.0 
1350 0.789 7.685 0.202 0.394 99.4 193.8 100.00 1816.9 ± 3.4 83.6 
Total 29.27 113.7 23.95 46.87 195.4 1826.4 ± 2.5 
TF 1.530 2.933 0.682 1.329 99.6 194.1 100.00 1819.0 ± 1.5 9.46 
A= 5.543 x JO·lOa-1, J = 0.896 (± 0.001) x J0-2, 1F =total fusion run (1.8 mg), flux monitor= GA-1550 biotite (reference age of97.9 ± 0.9 
Ma). 
Quoted uncertainties are lcr for both J and the age of the flux monitor. 
I 
-
'° 
'° 
Table A3.2.13. Nobles Nob Mine, hydrothennal muscovite (ironstone related), 92-560, 11.8 mg 16l 
~ Temp 36Ar 37Ar 39Ar 40Ar 40Ar* 40Ar*/39K Cumulative Apparent Age Ca/K ("C) (x 10-16 mol) (x 10- l 6 mol) (x 10-13 mol) \x 10-11 mol) % 39 Ar(%) (Ma± lcr) (x10-3) 600 4.472 1.561 0.213 0.209 93.7 92.2 0.80 1084.6 ± 3.0 16.1 650 1.339 13.83 0.180 0.324 98.8 177.6 1.47 1716.2 ± 5.7 169.0 't:
700 1.373 1.563 0.369 0.754 99.4 203.3 2.85 1869.3 ± 2.1 9.32 
750 0.729 8.044 0.873 1.765 99.9 202.0 6.11 1861.6 ± 1.2 20.3 
780 1.420 12.30 1.039 2.074 99.8 199.3 10.00 1846.5 ± 1.3 26.1 
800 1.525 1.566 1.166 2.298 99.8 196.7 14.36 1831.3 ± 0.6 2.96 
820 0.762 6.792 1.499 2.941 99.9 196.0 19.97 1826.9 ± 0.9 9.97 
840 0.045 2.046 2.043 4.016 100.0 196.6 27.61 1830.4 ± 1.7 2.20 
860 2.411 2.423 2.425 4.756 99.8 195.8 36.69 1825.7 ± 1.8 2.20 
880 0.512 1.845 1.893 3.713 99.9 196.0 43.77 1827.1 ± 1.6 2.14 
900 0.792 1.890 1.670 3.268 99.9 195.5 50.02 1824.1 ± 2.4 2.49 
920 1.826 1.857 1.708 3.340 99.8 195.2 56.41 1822.2 ± 1.6 2.39 
940 0.134 1.596 1.702 3.335 100.0 195.9 62.77 1826.7 ± 1.7 2.06 
960 1.954 1.597 1.689 3.304 99.8 195.2 69.09 1822.5 ± 1.4 2.08 
980 1.266 1.598 1.714 3.362 99.9 195.9 75.50 1826.8 ± 0.7 2.05 
1000 0.576 1.870 1.893 3.699 99.9 195.2 82.59 1822.7 ± 1.5 2.17 
1020 1.968 2.010 2.042 4.006 99.8 195.9 90.23 1826.5 ± 1.7 2.17 
1040 1.441 6.084 1.495 2.929 99.8 195.6 95.82 1825.0 ± 2.3 8.96 
1350 1.156 29.99 1.118 2.215 99.8 197.8 100.00 1837.7 ± 1.6 59.0 
Total 25.70 100.5 26.73 52.31 195.4 1823.4 ± 1.6 
TF 1.328 1.559 1.476 2.890 99.9 195.5 100.00 1824.0 ± 1.3 2.32 
A.= 5.543 x 10-lOa-l, J = 0.894 (± 0.()()1) x 10-2, TF =total fusion run (1.0 mg), flux monitor= GA-1550 biotite (reference age of 97.9 ± 0.9 
Ma). Quoted uncertainties are 1 cr for both J and the age of the flux monitor. 
N 
8 
Table A3.2.14. Nobles Nob Mine. hydrothermal muscovite (mineralisation related), 92-561, 8.4 mg 
Temp 36Af 37Ar 39Ar 40Ar 40Ar* 40Ar*/39K Cumulative Apparent Age Ca/K 
("C) (x 10-16 mol) (x 10-16 mol) (x 10-13 mol) (x 10-l l mo!) % 39 Ar(%) (Ma± lcr) (xI0-3) 
600 4.346 37.25 0.140 0.148 91.3 96.4 0.65 1118.7 ± 4.6 585.0 
650 1.144 32.44 0.194 0.334 99.0 167.0 1.54 1664.0 ± 3.2 367.0 
700 1.477 18.84 0.529 0.998 99.6 187.8 3.98 1774.4 ± 1.6 78.4 
750 1.640 46.89 0.955 1.927 99.7 201.3 8.38 1853.7 ± 1.1 108.0 
780 0.035 9.258 1.165 2.330 100.0 199.9 13.75 1845.6 ± 1.0 17.5 
800 1.555 1.474 1.232 2.432 99.8 197.0 19.43 1828.6 ± 1.0 2.63 
820 0.841 1.475 1.637 3.212 99.9 196.0 26.98 1823.0 ± 1.0 1.98 
840 2.786 2.385 2.355 4.620 99.8 195.9 37.83 1822.0 ± 3.6 2.23 
860 1.164 2.154 2.385 4.699 99.9 196.8 48.82 1828.0 ± 1.8 1.99 
880 1.675 1.479 1.700 3.343 99.8 196.3 56.66 1825.0 ± 1.4 1.91 
900 1.530 1.499 1.510 2.976 99.8 196.8 63.62 1827.7 ± 1.3 2.18 
920 1.500 1.500 1.435 2.821 99.8 196.3 70.23 1824.5 ± 1.2 2.30 
940 0.035 1.501 1.424 2.810 100.0 197.2 76.79 1830.2 ± 1.3 2.32 
960 1.696 1.502 1.445 2.846 99.8 196.7 83.45 1826.9 ± 1.2 2.29 
980 0.035 9.440 1.399 2.744 100.0 196.2 89.90 1824.0 ± 1.5 1..8 
1000 0.035 25.31 1.360 2.687 100.0 197.6 96.16 1832.5 ± 0.8 41.0 
1020 0.035 14.59 0.544 1.069 100.0 196.5 98.67 1825.9 ± 1.9 59.0 
1350 0.755 6.916 0.288 0.568 99.6 196.2 100.00 1824.2 ± 1.9 52.8 
Total 22.28 215.9 21.70 42.56 195.8 1822.1 ± 1.6 
TF 1.422 2.682 3.006 5.875 99.9 195.3 100.00 1818.7 ± 2.0 1.96 
A.= 5.543 x lO-lOa-1, J = 0.891 (± 0.001) x 10-2, TF =total fusion run (2.8 mg), flux monitor= GA-1550 biotite (reference age of 97 .9 ± 0.9 
Ma). Quoted uncertainties are 1 cr for both J and the age of the flux monitor. 
lg 
~ ~ ;::< ..... \Q '.'i2 
N 
0 
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APPENDIX 4. Sample Description and Whole Rock Analyses 
4.1. Sample Descriptions 
Brief descriptions of the samples listed in Table Al. I are given below. Whole 
rock geochemical analyses are listed in Table A4. l, and analytical detection limits are 
listed in Table A4.2. Sample numbers refer to the field numbers, as ANU numbers 
were not allocated to all samples for which there are whole rock analyses (see Table 
Al. I). Abbreviations: ap = apatite, Au = gold, bad = baddeleyite, bi = biotite, bis = 
bismuth mineral (native bismuth, or bismuth sulphosalt), cc= carbonate (calcite), chi= 
chlorite, cpx = clinopyroxene, cpy = chalcopyrite, ep = epidote, hem =hematite, hbl = 
hornblende, ksp = potassium feldspar, mag = magnetite, muse = muscovite (Tl = fine, 
foliated, tabular ironstone-related muse, T2 = fine to coarse, unoriented, often radiating, 
mineralisation-related muse), plag = plagioclase, py = pyrite, qtz = quartz, ser = 
sericite, tit= titanite, zr = zircon. 
90-TC- 02: Tennant Creek Granite (sheared). Coarse qtz-plag-ksp. Almost complete 
chi alteration of bi, minor muse, ser-ep alteration. Accessory mag-py-ap-
tit-zr-rutile. 
90-TC-04: Tennant Creek Granite (sheared). Ksp phenocrysts in coarse qtz-plag-
ksp. Kinked bi, chl-ep alteration, minor muse, ser alteration. Accessory 
mag-py-ap-tit-zr. 
90-TC-06: Tennant Creek Granite. Coarse qtz-plag-ksp. Chi alteration of bi, minor 
muse, ser-ep alteration. Accessory mag-py-ap-tit-zr-rutile-fluorite (in bi). 
90-TC-10: Altered felsic porphyry. Ksp and embayed qtz phenocrysts in 
groundmass of qtz-chl-ser-T2 muse. Accessory zr-tit-opaques. White 
Devil mine. Intrudes Warramunga Formation. 
90-TC-13: Altered felsic porphyry. Ksp and embayed qtz phenocrysts in 
groundmass of qtz-chl-ser-T2 muse. Accessory zr-tit-opaques. White 
Devil mine. Intrudes Warramunga Formation. 
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90-TC-l 8: Gold ore, White Devil mine. Mag-cpy-hem-py-qtz-chl, trace bis. 
90-TC-19: Gold ore, White Devil mine. Chl-qtz-mag-cpy-hem, trace of Tl muse, 
and veins of qtz-cpy-bis. 
90-TC-22: Channingum Granite. Medium to coarse qtz-plag-ksp. Bi with chi 
alteration, ser-ep alteration. Accessory opaques-ap-zr-allanite-
tourmaline. Intrudes Flynn Subgroup. 
90-TC-25: Cabbage Gum Granite. Medium to coarse qtz-plag-ksp. Kinked bi, chi 
alteration, minor muse, tit, ser-ep alteration. Accessory mag-py-ap-zr-
fluorite. Taken from BMR drillhole 
90-TC-28: Granite gneiss, Wundirgi Formation. Ksp-plag-bi in recrystallised qtz-
bi-musc-garnet. Minor chi alteration, trace cc-zr-ap. 
90-TC-29: Gneiss, Wundirgi Formation. Ksp phenocrysts in recrystallised qtz-
musc-sillimanite. Minor chi and ser alteration. Accessory zr-ap. 
90-TC-30: Granite gneiss, Wundirgi Formation. Ksp-plag-bi in recrystallised qtz-
bi-musc. Strong ser and minor chi alteration, trace cc-tit-zr-ap. 
90-TC-32: Dolerite, intrudes Wundirgi Formation. Plag-cpx with minor ksp-qtz. 
Hbl alteration on cpx, undulose extinction in plag and qtz. Accessory 
mag-ap-py-bad. Bad in late felsic segregations. 
90-TC-33: Gneiss, Wundirgi Formation. Ksp-plag-bi in recrystallised qtz-bi-musc. 
Minor chl-ser alteration, trace cc-zr-ap. Graphic intergrowths of qtz and 
ksp. 
90-TC-35: Felsic volcanic, Bernborough Formation (sheared). Phenocrysts of 
qtz(embayed)-ksp-plag in foliated matrix of qtz-chl-ser-hem. Accessory 
zr-ap. Qtz vein alteration. Taken from BMR drillhole 10. 
90-TC-40: Felsic porphyry. Ksp and embayed qtz phenocrysts in matrix of qtz-ksp-
plag-chl-ser. Trace mag, zr. Taken from BMR drillhole 5. 
90-TC-48: "Warrego" granite. Coarse ksp-plag-qtz-musc-bi. Chi-hem alteration. 
Accessory zr, ap, xenotime. Taken from BMR drillhole 7. 
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90-TC-49: Felsic volcanic, Bernborough Formation (sheared). Phenocrysts of 
qtz(embayed)-ksp-plag in foliated matrix of qtz-chl-ser-mag. 
90-TC-54: Tennant Creek Granite. Coarse qtz-plag-ksp. Almost complete chi 
alteration of bi, minor muse. Accessory mag-py-ap-tit-zr. Explorer 174 
drillhole. 
90-TC-55: Altered dolerite. Bi and minor plag-qtz. Alteration to chl-ep-ser. 
Intrudes Tennant Creek Granite. Explorer 174 drillhole. 
90-TC-56: Silicifed Tennant Creek Granite. Coarse qtz-plag-ksp. Almost complete 
chi alteration of bi, minor muse, ser alteration. Accessory mag-py-ap-tit-
zr. Explorer 17 4 drillhole. 
90-TC-57: Ironstone. Qtz-mag-chl. Trace hem alteration of mag. Strongly 
recrystallised qtz. Navigator 11, drillcore. 
90-TC-67: Gold ore, Warrego mine. Mag-qtz-chl, veins of cpy-bis-py. 
90-TC-69: Felsic porphyry. Ksp and embayed qtz phenocrysts in matrix of qtz-ksp-
plag-chl-ser. Trace mag, zr. Warrego mine drillcore 
90-TC-71: Chloritised siltstone, Gecko mine. Fine qtz in foliated chi. Hem veins 
cut by qtz-cpy veins. 
90-TC-73: Copper ore, Gecko mine. Mag-py, cut by cpy-qtz. Minor hem. 
90-TC-78: Gold ore, Warrego mine. Strongly recrystallised qtz with chi-mag-muse. 
Trace cpy. Qtz phenocrysts indicate this is altered felsic porphyry. 
90-TC-81A: Felsic porphyry. Ksp and embayed qtz phenocrysts in matrix of qtz-ksp-
plag-chl-ser. Trace mag, zr. Surface sample, west of Tennant creek 
airport. 
90-TC-83: Gold ore, White Devil mine. Mag-chl-qtz-T2 muse. Foliated, trace cpy-
hem. 
90-TC-85: Greywacke, Warramunga Formation. Angular qtz-plag-cherty clasts in 
matrix of foliated chi, ser, qtz. Trace mag, zr. White Devil Drillhole 
146, !Sim. 
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90-TC-86: Felsic porphyry. Ksp and embayed qtz phenocrysts in matrix of qtz-ksp-
plag-chl-ser. Trace mag, zr. White Devil Drillhole 146, 155m. 
90-TC-88: Gold ore, White Devil mine. Mag-chl-qtz-Tl muse. Moderately 
foliated, fractured, trace ksp. 
90-TC-89: Gold ore, White Devil mine. Mag-chl-qtz-Tl muse. Foliated, Trace cpy. 
90-TC-91: Chloritised felsic tuff, or tuffaceous sediment, Warramunga Formation. 
Embayed qtz and sericitised plag phenocrysts in groundmass of foliated 
chl-qtz-py. Gecko mine, level 5, section 9330 mE, DDH 2. 
90-TC-94: Lamprophyre. Phenocrysts of bi in matrix ksp, minor qtz. abundant ch! 
alteration. Explorer 50 drillhole. 
90-TC-95: Greywacke, Warramunga Formation. Rounded qtz-ksp-cherty clasts in 
matrix of foliated chi, ser, qtz. One bi grain replaced by ep-chl. Trace 
mag, hem, zr. Explorer 50, drillcore. 
90-TC-96: Lamprophyre. Phenocrysts of bi in matrix ksp, minor qtz. abundant chi 
alteration. Trace cpy-py-Au (?contamination by country rock ore 
deposit). Explorer 50 drillhole. 
90-TC-103: Gold ore, Eldorado deposit. Hem-chl-qtz-Tl and T2 muse-mag. 
90-TC-104: Gold ore, Eldorado deposit. Mag-qtz-chl. Mag being replaced by hem, 
including coarse specular variety. Tl and T2 muse, T2 intergrown with 
hem. 
90-TC-106: Gold ore, replaced greywacke, Warramunga Formation. Hem-chl-musc-
qtz, with trace cpy-py-bis-Au-zr. Eldorado Anomaly 2, Drillhole 15, 
146m. 
90-TC-107: Ironstone, Navigator 6. Mag-qtz-chl. 
90-TC-112: Mumbilla Granodiorite (sheared). Ksp phenocrysts in coarse qtz-plag-
ksp. Kinked bi, chi alteration, minor muse. Accessory mag-py-ap-tit-zr. 
90-TC-113: Greywacke, Warramunga Formation. Angular qtz-plag-cherty clasts in 
matrix of foliated chi, ser, qtz. Trace mag, zr. Eldorado Anomaly 2, 
Drillhole 15, 12lm. 
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91-TC-Ol: "Warrego" granite. Coarse ksp-plag-qtz-musc-bi. Chl-hem-ser 
alteration. Accessory zr, ap, xenotime. Taken from drillhole 3 km west 
ofWarrego mine. 
92-TC-02: Felsic porphyry. Ksp and embayed qtz phenocrysts in matrix of qtz-ksp-
92-TC-03: 
plag-chl-ser. Trace mag, zr. Surface sample from south of abandoned 
Bemborough mine. Intrudes Flynn Subgroup. 
Felsic porphyry. Ksp and embayed qtz phenocrysts in matrix of qtz-ksp-
plag-chl-ser. Trace mag, zr. Black Angel drillcore, l l 7m. Intrudes 
Warramunga Formation. 
92-TC-04: Altered felsic porphyry. Ksp and embayed qtz phenocrysts in 
groundmass of qtz-chl-ser. Accessory zr-tit-opaques. Explorer 69, near 
Peko smelter site. Intrudes Warramunga Formation. 
92-TC-07: Altered, sheared dolerite, intrudes Warramunga Formation. Medium 
grained hbl-ksp-qtz, ser and ch! alteration, abundant opaques with tit 
rims, accessory ap, cc veins. 
92-TC-15: Gosse River East granite. Pink syenite consisting of medium plag-ksp-
qtz. secondary chi-hem. Accessory zr-ap. Drillcore sample, 150m. 
92-TC-21: Gabbro. Mainly hbl, minor bi, plag, ksp, trace qtz. Minor ser alteration. 
Accessory zr-ap. Intrudes Mumbilla Granodiorite. 
92-TC-23: Felsic porphyry. Ksp and embayed qtz phenocrysts in matrix of qtz-ksp-
plag-chl-ser. Trace mag, zr. Abundant hematite alteration. Intrudes 
Flynn Subgroup. Surface sample. 
92-TC-25: Gold ore, Juno Mine. Foliated mag-chi-Tl muse overprinted by hem-T2 
musc-qtz. T2 muse and qtz in veins. Trace bis. Underground sample. 
92-TC-26: Gold ore, Juno Mine. As for 92-TC-25. 
92-TC-28: Gold ore, Argo Mine. Disseminated euhedral mag in foliated chi-Tl 
muse. Minor T2 muse. Underground sample 
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92-TC-31: Felsic porphyry. Ksp and embayed qtz phenocrysts in matrix of qtz-ksp-
plag-chl-ser. Trace mag, zr. Intrudes Warramunga Formation. 
Undergound sample from abandoned Golden Forty mine. 
92-TC-33: Gold ore, TC8 Mine. Mag in foliated chi-Tl muse. Minor T2 muse. 
Trace cpy-hem-bis in mag. Underground sample. 
92-TC-37: Gold ore, Peko Mine. Massive mag, minor chl-T2 muse. Underground 
sample. 
92-TC-38: Granite, Gosse River north. Qtz-ksp-altered bi, abundant graphic 
intergrowth of qtz-ksp. Chl-ep-ser alteration of bi and ksp. Accessory 
zr-ap-allanite. Surface sample 
92-TC-39: Granite, Gosse river north. Qtz-plag-ksp-altered bi, ser-chl-ep alteration. 
Surface sample. 
92-TC-40: Altered granite. Qtz-ksp-plag and altered bi, in abundant graphic 
intergrowths of qtz-ksp. Chl-ser-ep alteration. Accessory zr, opaques. 
Surface sample. 
92-TC-41: Tennant Creek Granite (?). Medium-coarse grained qtz-kps-plag(?)-
altered bi. Chl-ser-ep alteration. Accessory zr, opaques. 
92-TC-42: Granite. Medium-coarse grained qtz-ksp-plag- altered bi. Chl-ep-ser 
alteration. Accessory zr, ap, opaques. Minor graphic intergrowths of qtz 
and ksp. Surface sample. 
92-TC-43: Monzodiorite. Ksp-hbl-qtz. Alteration to ep-chl-ser-hem. Abundant ap. 
Felsic part of dolerite dyke north of Warrego mine .. 
92-TC-47: Laminated siliceous dolostone, Attack Creek Formation. Fine qtz in 
matrix of cc-qtz-hem-chl. Surface sample. 
92-TC-49: Gold ore, Nobles Nob mine. Disseminated skeletal mag, and Tl muse, in 
foliated chi. Underground sample. 
92-TC-50: Gold ore, Nobles Nob. As 90-TC-49, with veins ofT2 musc-qtz. 
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Table A4.1 (i). Whole-rock geochemical analyses 
Sample localities, lithologies and ANU numbers are given in Appendix 1. 
Field no 90-TC-02 90-TC-04 90-TC-06 90-TC-10 90-TC-13 90-TC-18 90-TC-19 
ANUNo 92-227 90-407 90-408 92-292 
Lithology granite vrnnite granite nomhvrv nomhvrv ore ore 
Si02 72.34 73.49 70.44 74.56 73.97 3.9 18.9 
Ti02 0.33 0.34 0.46 0.2 0.22 0.12 0.27 
Al2°-3 13.06 13.12 13.48 11.8 12.14 1.92 7.72 
Fe203 tot 3.05 1.71 3.71 4.92 3.01 45.6 61.51 
Fe20., 1.53 1.71 3.71 4.92 3.01 35.6 36.31 
FeO 1.37 0 0 0 0 9 22.68 
MgO 0.75 0.78 0.9 1.24 1.04 1.28 6.86 
Cao 1.03 1.12 1.29 0.11 0.1 0 0.08 
Na10 2.13 3.4 2.44 0.1 0.16 0.07 0.04 
K10 5.46 4.08 4.95 3.76 6.37 0.05 0 
P205 ! 0.1 0.09 0.11 0.09 0.1 0.03 0.09 
H10 plus 0 0 0 0 0 0 0 
H10minus 0 0 0 0 0 0 0 
LOI 1.5 1.17 1.38 2.4 1.64 15.51 4.42 
Rest 0.2 0.17 0.21 0.15 0.3 12.9 2.03 
Total 99.83 99.48 99.4 99.35 99.06 80.42 99.56 
Ba 729 520 650 648 2248 -4 -4 
Li i 8 9 10 4 3 3 2 
Rb 231 185 245 179 170 -1 -1 
Sr 73 69 65 7 19 I 1 
Pb I 26 10 26 3 3 54 16 
Th 29 34 29 29 30 35 18 
u 6 7 5 5 13 7 12 
ZI 197 169 195 111 96 0 97 
Nb 12 15 16 16 17 0 8 
y 42 57 47 31 54 5 15 
La 47 44 47 3 25 8 80 
Ce 96 93 88 12 60 13 119 
Nd 33 40 38 5 26 7 48 
Sc 8 8 9 3 4 3 8 
v I 25 19 31 10 7 8 60 
er I 16 12 150 171 3 76 66 
Mn 229 104 267 194 95 113 343 
°' 
0 0 0 0 0 660 1790 
Ni 7 6 10 8 3 0 79 
Cu 7 3 17 6 6 99999 1558 
Zn 24 10 32 13 7 0 17 
Sn 6 16 10 11 7 0 25 
w I 0 0 0 0 0 0 0 
Mo 
' 
-2 -2 3 3 -2 0 25 
Ga 18 18 18 16 14 -1 24 
A~ 2 I 3 2 2 814 747 
s 70 -100 100 200 1000 0 100 
F 0 0 0 0 0 0 0 
Ao 1 2 2 2 2 9 5 
Bi -2 -2 -2 -2 -2 1415 539 
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Table A4.1 (ii). Whole-rock geochemical analyses 
Field No 90-TC-22 90-TC-25 90-TC-28 90-TC-30 90-TC-33 90-TC-35 90-TC-40 
ANlJNo 92-289 92-288 92-231 92-285 233 92-293 92-291 
Litholoov granite tTT':lnite nnPisS anPiSS 2neiss felsic vole ~~hvrv 
Si02 70.99 66.45 56.68 67.42 72.98 72.31 71.43 
Ti02 0.42 0.6 0.6 0.28 0.14 0.46 0.38 
Alo Ch 13.4 13.47 11.86 16.12 14.25 12.8 13.03 
fu201 tot 3.19 5.58 17.4 2.63 1.37 4.38 3.53 
fu20.J 1.36 1.83 I0.42 1.07 0.55 2.78 1.59 
FeO 1.65 3.37 6.28 1.4 0.74 1.44 1.75 
MgO 0.75 1.45 3.75 1.2 0.33 1.69 0.91 
Cao 1.26 3.12 0.28 2.06 1.19 0.15 0.12 
Na20 2.62 2.58 2.05 3.32 3.53 3.3 0.98 
K10 5.16 3.79 4.6 4.17 4.76 2.12 7.32 
p,o, 0.09 0.14 0.05 0.11 0.05 0.09 0.11 
H20 plus 0 0 0 0 0 0 0 
H10 minus 0 0 0 0 0 0 0 
LOI 1.45 1.6 1.17 2.08 1.14 2.31 1.73 
Rest 0.21 0.23 0.5 0.23 0.18 0.16 0.25 
Total 99.37 99.7 99.78 99.48 99.89 99.62 99.63 
Ba 643 771 3122 1177 821 222 1319 
Li IO 26 156 26 IO 4 5 
Rh 295 162 151 132 162 88 243 
Sr 51 150 69 407 143 23 40 
Pb 20 25 39 21 35 6 4 
Th 42 19 14 7 30 32 32 
u IO 4 1 I 8 8 9 
Zr 268 221 76 83 95 88 243 
Nb 17 13 IO 10 7 23 15 
y 53 34 20 4 20 23 15 
La 59 46 34 24 33 112 45 
.. 
Ce 110 93 82 39 65 206 88 
Nd I 45 39 22 18 23 85 36 
Sc 8 16 14 5 3 IO __ §_~ 
v 26 62 80 18 7 IO 6 
0- 15 41 94 3 4 7 13 
Mn 120 579 11346 248 442 106 268 
Co 0 0 0 0 0 0 __ JL__ 
Ni 7 15 54 4 6 6 9 
Cu 9 41 13 14 6 6 2 
-
Zn I 11 69 106 56 19 8 _!_L_ 
Sn I -2 0 2 0 8 2 8 
w 0 0 0 0 0 0 0 
Mo 
.. 
-2 2 2 -2 -2 0 -2 - ~ 
Ga 17 19 17 25 14 18 15 
As 2 2 1 2 I 1 1 
s I 200 300 30 500 30 100 30 
.. 
_f I 0 0 0 0 0 0 0 
Ag 2 3 2 3 I 2 1 
. 
Bi I -2 -2 -2 -2 -2 -2 -2 
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Table A4.1 (iii). Whole-rock geochemical analyses 
Field No I 90-TC-48 90-TC.49 90-TC-54 90-TC-55 90-TC-56 90-TC-57 90-TC-67 
ANUNo 92-226 92-294 92-287 92-286 
lithol02v 1rranite felsic vole arnnite dolerite alt granite ironstone ore 
Si02 74.53 67.16 70.78 46.64 74.84 38.25 21.98 
TiO, 0.17 0.48 0.6 1.25 0.37 0.21 0.02 
Al20,, 12.5 14.44 15.13 15.13 14.16 5.49 0.81 
fo203 tot 2.08 5.72 13.4 13.4 0.29 49.8 72.65 
fo20,, I 0.7 2.79 3.6 3.6 0.1 32.07 45.17 
FeO 1.24 2.64 1.74 8.82 0.17 15.95 24.73 
MgO 0.99 1.71 8.29 8.29 0.67 4.02 0.42 
Cao 0.12 0.15 0.64 7.75 0.7 0.2 0.09 
Na20 2.26 1.86 2.13 1.33 5.39 0.08 0.08 
KzO 5.27 5.94 5.89 3.16 2.34 0.54 0.05 
P205 0.11 0.12 0.13 0.16 0.01 0.07 0.09 
HzOplus 0 0 0 0 0 0 0 
H20minus 0 0 0 0 0 0 0 
LOI 1.52 2.2 1.49 3.72 0.89 3.12 0.46 
Rest i 0.18 0.25 0.23 0.18 0.09 0.08 4.24 
Total 99.62 99.76 100.15 100.15 99.73 100.16 98.19 
Ba 153 1435 816 171 147 149 9 
Li 14 6 24 24 6 11 2 
Rb 418 183 128 128 60 44 -1 
Sr 30 35 66 89 143 9 -I 
Pb 30 6 6 4 -2 -2 440 
Th 59 19 38 -2 10 12 342 
u 22 5 9 1 2 2 62 
ZI 418 148 190 85 219 95 86 
Nb 38 12 17 2 17 9 0 
y 38 21 17 35 12 22 2 
La 67 29 13 13 11 18 18 
Ce 129 52 107 15 29 33 35 
Nd 50 15 54 13 14 13 13 
Sc 7 10 12 49 2 4 -1 
v 7 41 12 288 8 18 11 
Q 244 26 9 216 7 123 13 
Mn 302 164 204 1136 45 420 114 
Co 0 0 0 0 0 0 0 
Ni 6 14 7 100 2 34 69 
Co 34 2 13 13 -1 35 20780 
Zn 15 16 18 44 6 29 13 
Sn 8 7 9 -2 8 17 34 
w 0 0 0 0 0 0 0 
Mo -2 -2 -2 3 -2 25 88 
Ga 18 23 17 16 18 14 -1 
As i 3 2 1 -1 -1 2 -1 
s 500 10 20 170 10 500 22800 
F 0 0 0 0 0 0 0 
Ag 2 2 1 -2 1 4 18 
Bi -2 -2 -2 2 -2 2 18498 
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Table A4.1 (iv). Whole-rock geochemical analyses 
Field No I 90-TC-69 90-TC-71 90-TC-73 90-TC-81A 90-TC-83 90-TC-85 90-TC-86 
I 
ANUNo I 92-290 92-228 92-295 
litholMV I nomhvrv siltstone ore nnmhvrv ore sediment nornhvrv 
Si02 71.06 62.97 4.6 69.48 18.88 71.22 71.85 
TiOz 0.42 0.29 om 0.48 0.35 0.5 0.3 
Ah(}.i 13.45 9.1 0.1 13.79 10.74 12.61 13.06 
Fez03 rot 3.7 18.98 87.96 3.91 60.2 7.04 5.6 
FezO-i 1.32 6.51 60.29 1.47 34.5 4.1 3.51 
FeO 2.14 11.22 24.9 2.2 23.13 2.65 1.88 
MgO I 2.49 3.84 om 1.02 6.33 1.43 1.37 
Cao 0.19 0 om 1.7 0.11 0.09 0.1 
NazO 1.65 0.04 0.12 2.09 0.07 0.08 0.1 
KzO 3.68 0.02 0.05 5.31 0.42 3.87 4.15 
Pz05 0.1 0.02 0.02 0.12 0.1 0.1 0.1 
HzO plus 0 0 0 0 0 0 0 
HzOminus 0 0 0 0 0 0 0 
LOI I 2.78 5.36 -0.76 1.86 5.49 2.63 2.7 
-
Rest 0.25 0.19 10.8 0.24 0.1 0.27 0.18 
Total 99.58 99.68 100.33 99.8 100.33 99.57 99.33 
Ba 939 -4 27 814 21 1526 594 
u I 15 11 1 7 12 4 4 
Rb 154 1 1 218 29 184 191 
Sr 36 2 -1 110 2 11 8 
Pb 12 3 173 35 7 4 4 
Th 31 12 19 28 15 29 20 
u 7 5 136 6 16 9 4 
'ZI 196 93 19 207 100 124 220 
Nb 17 10 4 15 9 17 14 
y 55 21 6 40 38 47 30 
La 83 48 -2 40 34 34 37 
Ce 154 80 -5 83 55 62 71 
Nd I 61 37 -2 34 27 29 29 
Sc 8 7 -1 10 11 7 10 
v 28 33 20 44 83 27 59 
er 106 62 195 157 51 96 106 
Mn 503 937 75 342 754 207 147 
Co . 0 0 0 0 0 0 0 
Ni 9 24 181 14 78 11 21 
Cu 24 1114 91104 58 32 13 5 
Zn 91 114 0 57 73 16 11 
Sn 3 5 62 2 20 -2 7 
w 0 0 0 0 0 0 0 
Mo -2 6 441 3 41 2 2 
Ga 
• 
17 20 -1 17 43 16 -I 
As 
' 
2 1 98 3 2 1 -1 
• 
s i 100 1200 35200 100 700 -100 100 
F 0 0 0 0 0 0 0 
Ao 3 3 13 3 5 3 2 
Bi i 5 4 768 -2 48 -2 -2 
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Table A4.1 (v). Whole-rock geochemical analyses 
Field No 90-TC-88 90-TC-91 90-TC-95 90-TC-96 90-TC-103 90-TC-104 90-TC-106 
ANUNo 92-291 92-224 92-232 92-221 92-299 
litholo•v ore Altered tuff sandstone lamprophvre ore ore ore 
Si02 ! 6.03 81 71.95 52.15 22.26 32.9 19.78 
1102 I 0 0.15 0.58 1.21 0.24 0.14 0.28 
Al20] 3.38 4.61 11.46 12.86 7.2 4.68 7.97 
fu203 tot 87.3 9.47 0 7.43 63.46 57.51 63.8 
fu20] I 57.12 3.38 2.83 3.58 41.98 51.62 54.89 
FeO 27.16 5.48 4 3.46 19.33 5.3 8.02 
MgO 1.97 1.93 2.31 5.46 4.65 2.54 4.15 
CaO 0.13 0.04 0.11 6.07 0.02 0 0 
Na10 0.09 0.03 0.08 1.31 0.06 0.27 0.07 
K10 0.18 0.03 2.85 6.89 0.37 0.51 0.6 
P205 0.12 0.05 0.1 1.2 0.06 0 0.05 
H10plus 0 0 0 0 0 0 0 
H10minus 0 0 0 0 0 0 0 
LOI 2.89 2.55 3.22 4.19 3.82 2.22 4.23 
-
Rest 0.21 0.09 0.08 I.I 0.26 0.42 0.34 
Total 99.45 99.39 99.57 99.63 100.4 100.66 100.49 
Ba 28 -4 320 4590 128 136 137 
Ii 5 5 5 14 14 6 15 
Rb i 9 2 142 369 17 26 27 
Sr -1 2 7 948 2 3 10 
Fil 14 -2 4 55 11 46 28 
Th -2 10 20 99 II -2 30 
u 22 4 5 20 31 9 60 
il 12 91 294 428 678 40 110 
Nb 5 8 16 21 5 -2 8 
y 7 17 30 33 18 6 29 
I.a 3 26 51 148 85 9 98 
Ce -5 45 99 306 144 -5 161 
Nd -2 18 40 126 57 5 64 
Sc 2 2 8 23 5 2 5 
v I 38 9 56 142 28 43 46 
Q 9 10 117 249 40 20 38 
Mn 198 400 553 1382 1032 485 652 
('_o 0 0 0 0 0 0 0 
Ni 62 11 26 146 128 52 131 
Cu 216 749 9 109 44 321 258 
Zn 7 41 65 117 179 63 133 
Sn 32 2 -2 -2 20 -2 27 
w 0 0 0 0 0 0 0 
Mo 1096 0 0 -2 83 27 84 
Ga ! 28 10 15 16 47 12 40 
A' 9 2 2 II 6 -1 3 
s 1200 1800 3800 2100 100 400 300 
F 0 0 0 0 0 0 0 
Ag ! 7 3 3 2 4 22 7 I 
Bi 100 4 -2 -2 215 2916 1367 
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Table A4.1 (vi). Whole-rock geochemical analyses 
Field No 90-TC-112 90-TC-113 92-TC-02 92-TC-03 92-TC-07 92-TC-15 92-TC-21 
ANUNo 92-219 92-296 93-709 93-861 
litholoov oranite sediment oornhvrv nnmhvrv alt granite svenite uabbro 
SiOz 69.54 67.03 74.63 74.81 54.96 61.28 52.03 
TiOz 0.46 0.51 0.19 0.23 2.3 0.96 0.59 
Alz~ 13.77 15.43 12 12.89 11.86 16.39 15.68 
Fez03 tot 3.82 6.49 2.33 3.07 16.56 4.48 8.95 
Fez~ 1.43 4.28 1.77 2.49 7.44 3.08 1.04 
FeO 2.15 1.99 0.5 0.52 8.21 1.26 7.12 
MQO 1.11 1.8 0.32 0.74 2.46 2.21 7.14 
Cao 1.71 0.1 0.15 0.12 4.97 0.37 10.06 
Na20 2.26 0.12 0.67 0.11 2.08 1.34 1.85 
KzO 4.57 4.73 8.38 5.73 2.09 9.89 1.19 
P205 0.13 0.1 0.04 0.11 0.37 0.19 0.06 
HzO plus 0 0 0 0 0 0 0 
HzOminus 0 0 0 0 0 0 0 
LOI 1.76 3.35 0.74 1.92 2.57 2.02 2.61 
Rest 0.19 0.2 0.25 0.2 0.43 0.77 0.29 
-
Total 99.12 99.67 99.65 99.88 99.94 99.79 99.79 
Ba 525 703 1285 1023 463 3258 212 
Li 43 7 4 4 7 21 25 
Rb 256 211 236 239 190 421 49 
Sr 87 7 73 11 132 613 139 
Pb 29 4 3 -2 12 15 8 
Th I 29 22 28 34 14 84 8 
u 6 3 7 8 4 21 1 
'h: 171 194 183 120 270 1094 76 
Nb i 19 16 16 14 II 40 50 ; 
y i 42 31 39 44 72 56 22 
La 46 50 66 29 37 94 13 
Ce 91 94 135 67 88 238 27 
Nd 64 36 50 26 39 129 9 
Sc \ 9 12 9 5 44 13 40 
v i 42 67 6 10 126 67 195 
er 27 89 3 4 1 16 613 
Mn 370 232 48 60 1656 225 1177 
Co 0 0 0 0 0 0 
Ni I 13 26 2 3 2 12 119 
Cu II 9 -1 -1 176 26 60 
Zn 50 28 3 8 92 38 67 
Sn 3 2 7 12 7 10 -2 
w 0 0 0 0 0 0 0 
Mo 3 2 -2 -2 3 -2 3 
Ga 17 21 17 18 25 18 16 
AB 2 0 1 -1 1 -1 -1 
s 100 -100 20 10 2670 240 730 
F I 0 0 0 0 0 0 0 
A2 I 1 1 I 2 1 2 
Bi -2 -2 -2 -2 3 -2 -2 
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Table A4.1 (vii). Whole-rock geochemical analyses 
Field No I 92-TC-23 92-TC-31 92-TC-38 92-TC-39 92-TC-40 92-TC-41 92-TC-42 
! 
ANUNo I 
litholocrv porphyry oomhvrv or:::inite ornnite alt nomhvrv oranite crrnnite 
Si02 73.95 69.11 72.93 76.77 69.85 72.74 70.49 
Ti02 ! 0.389 0.53 0.25 0.08 0.64 0.36 0.57 
AlzOJ 11.58 14.07 13.34 12.05 13.38 13.49 13.67 
Fez03 tot 3.59 6.16 2.24 1.17 4.73 1.6 4.28 
Fez0.J 2.42 3.79 0.65 0.39 2.02 0.8 1.59 
FeO 1.05 2.13 1.43 0.7 2.44 0.72 2.42 
MoO 0.84 1.84 0.42 0.27 1.27 0.86 1.02 
Cao 0.22 0.16 2.24 0.58 0.71 0.95 1.27 
NazO 0.81 0.12 2.69 3.01 2.28 2.59 2.22 
KzO 7 4.54 4.32 4.89 5.28 5.97 4.88 
P?O, ! 0.11 0.12 0.05 0 0.16 0.12 0.13 
HzO plus ! 0 0 0 0 0 0 0 
HzOminus i 0 0 0 0 0 0 0 
LOI I 1.13 2.99 1.17 0.78 1.62 1.12 0.15_2_ Rest ! 0.29 0.29 0.16 0.11 0.24 0.2 0.27 
Total ! 99.8 99.79 99.66 99.66 99.93 99.93 100.09 ! 
Ba 1624 1498 543 82 755 846 1046 
Ii 4 7 10 39 12 7 17 
Rb 196 228 177 333 230 194 240 
Sr 66 9 134 27 64 80 96 
Fb 5 6 20 28 12 9 30 
Th 24 31 29 39 40 30 31 
u 5 9 8 14 8 10 7 
Zr I 216 201 130 85 344 165 261 
Nb ! 12 12 11 11 20 14 15 
y i 38 37 34 66 71 59 51 
La 57 44 40 27 57 36 56 
Ce 115 90 85 65 118 87 113 
Nd 45 34 32 28 50 32 44 
Sc 9 10 7 5 12 8 11 
v 22 45 19 -2 33 25 36 
er 12 25 9 -1 15 12 22 
Mn 78 918 85 213 274 95 336 
Co 0 0 0 0 -2 -2 -2 
Ni 4 10 3 -1 6 5 9 
Cu i 1 -1 -1 -I 25 -1 12 
Zn 5 85 6 12 39 8 47 
Sn 3 6 5 8 9 3 8 
w 0 0 0 0 0 0 0 
Mo -2 -2 -2 -2 -2 -2 -2 
Ga 16 17 17 17 20 17 20 
A~ -1 -1 -I -1 -1 -1 -1 
s i 20 20 -10 10 70 30 60 
F 0 0 0 0 0 0 0 
Ao I 1 1 1 1 I 1 1 
Bi -2 -2 -2 -2 -2 -2 -2 
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Table A4.l (viii). Whole-rock geochemical analyses 
Field No 92-TC-43 
ANUNo 93-863 
litholo~v monzodiorite 
Si02 63.46 
1101 1.08 
Al20J 12.45 
fu203 tot 9.36 
fu20:3 5.29 
FeO 3.66 
MgO 0.84 
Cao 2.48 
Na10 3.63 
K20 4.58 
P205 0.32 
H20plus 0 
H20minus 0 
LOI 1.47 
Rest 0.31 
Total 99.67 
Ba 1208 
Ii 8 
Rb 113 
Sr 106 
Fil 17 
Th 16 
u 3 
7J: 490 
Nb 23 
y 107 
La 62 
Ce 135 
Nd 59 
Sc i 20 
' 
v 10 
Q 2 
Mn 804 
Co -2 
Ni 5 
Cu 9 
Zn 99 
Sn I 4 
' 
w 0 
Mo -2 
Ga 
' 
28 
A' IO 
s 40 
F 0 
Ag i 1 
Bi -2 
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Table A4.2. Detection Limits for X-Ray Fluorescence Spectroscopy 
Detection limits in weight percent for major oxides and ppm for trace elements. 
Element Detection 
Si02 0.006 
Ti02 0.008 
A1201 0.007 
R:203 0.005 
MnO 0.004 
MgO 0.006 
CaO 0.0014 
NazO 0.02 
KzO 0.004 
P205 0.003 
Ba 5 
Li 2 
Rb I 
Sr I 
Pb 2 
Th 2 
u 0.5 
Zr 2 
Nb 2 
y I 
1.a 3 
Ce 4 
Nd 2 
ft 3 
Sc 2 
v 2 
Q 2 
Ni 2 
Cu 2 
Zn I 
Sn 2 
Ga I 
As 0.5 
s 12 
F 200 
a 4 
Taken from Appendix 1 of Stuart-Smith et al (1993) 
